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ABSTRACT 


The  Initial  objective  of  this  work  was  to  measure  the  teachability  of 
selected  wastes  and  determine  the  attenuation  characteristics  of  certain  soils. 
But.  because  the  distribution  of  an  len  between  a  waste  leachate  and  a  soil 
depends  upon  the  composition  of  the  leachate  and  the  prior  history  of  the  soil 
(both  of  which  change  as  leaching  progresses  and  as  more  soil  Is  penetrated). 

It  was  necessary  to  develop  an  experimental  approach  capable  of  simulating  this 
dynamical ly-changlng  situation.  Column  studies  were  too  time-consuming  and 
Inflexible. 

Successive  extracts  of  a  waste  were  used  to  challenge  a  sequence  of  three 
soil  batches.  The  soil  batches  were  graded  Inslzeto  allow  analyzing  samples 
of  the  extracts  between  each  step.  The  extraction  volumes  were  related  to 
equivalent  leaching  times  In  the  field.  The  correlation  allowed  employing  this 
serial  botch  extraction  procedure  to  perform  accelerated  testing:  the  described 
series  of  seven  extractions  allowed  simulating  years  of  field  leaching  In  a 
few  weeks  of  laboratory  extractions. 

Samples  of  wastes  were  collected  from  the  following  industries:  zinc- 
carbon  battery  manufacturing,  titanium  dioxide  pigment  production,  hydrofluoric 
acid  manufacturing,  white  phosphorus  production,  oil  re-refining,  and  two 
from  zinc  secondary-refining  (cinders  and  scrubber-waste).  After  analyzing 
tnmse  wastes  to  determine  the  content  of  potentially  hazardous  inorganic  ions, 
they  were  examined  by  the  graded  serial  batch  extraction  procedure.  Water 
extracts  of  these  wastes  were  applied  to  Chalmers,  Davidson,  and  Nicholson 
soils.  The  analysis  of  the  resulting  solutions  for  pH,  conductivity,  and 
concentrations  of  specified  hazardous  ions  before  and  after  contact  with  these 
clay  soils  allowed  calculating  distribution  coefficients  (the  slopes  of  adsorp¬ 
tion  Isotherms),  penetration  factors,  tne  fraction  of  each  Ion  retained  on  the 
soils,  the  amount  flushed  off  from  a  soil  by  the  passage  of  a  later  extract, 
the  yield  of  an  Ion  per  unit  weight  cf  waste,  and  the  amount  of  an  Ion  pene¬ 
trating  and  retained  by  a  unit  weigh'];  of  soil.  The  effect  of  soil -to-waste 
ratio  on  these  measurements  was  also  obtained.  The  limitations  and  applica¬ 
bility  of  empirical  equations  and  prediction  models  Is  also  discussed. 

This  study  was  part  cf  a  major  research  program  Investigating  the  leach- 
ability  of  a  number  of  Industrial  wastes  and  the  migration  of  hazardous  com¬ 
ponents  through  soil.  The  work  was  funded  by  the  Environmental  Protection 
Agency,  Municipal  Environmental  Research  Laboratory,  Solid  and  Hazardous  Waste 
Division,  Cincinnati,  Ohio  45268,  under  Interagency  Agreement  EPA-IAG-04-0443 . 
This  report  covers  experimental  work  done  during  the  period  July  1976  to  Feb¬ 
ruary  1978. 
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INTRODUCTION 


At  concern  Increases  about  protecting  the  environment  from  the  effects 
of  Improper  and/or  Indiscriminate  during  of  potentially  hazardous  wastes* 
regulations  are  promulgated  regarding  final  disposal  of  these  wastes.  The 
Intent  of  these  regulations  Is  r  prevent  Incidents,  sue**  as  contamination  of 
ground  or  surface  waters,  that  nay  adversely  affect  anl  <  or  plant  life. 
However,  a  waste  Is  not  necessarily  hazardous  just  became  It  contains  toxic 
substances.  It  may  bo  possible  to  dispose  of  certain  types  of  these  wastes 
with  little  or  no  pratreatment  simply  by  placing  them  In  landfills.  Other 
types  of  waste,  no  doubt,  will  require  either  extensive  treatment  or  storage 
In  a  specially  designed  disposal  site.  Before  these  judgments  con  be  made, 
eieh  type  of  waste  must  be  che.'acterfzed  as  to  the  amount  and  leachablllty  of 
the  toxic  substances  It  contains. 


The  ability  of  a  soil  to  retard  the  movement  of  chemical  substances 
leached  from  a  waste  Is  one  of  the  Important  factors  In  designing  and  select¬ 
ing  a  disposal  site  for  eech  type  of  waste.  Unless  the  soil  can  adequately 
retard  wntte  leachate  movement  or  remove  the  toxic  substances  from  the  leach¬ 
ate,  castas* nation  of  ground-water  may  result.  The  chemical  and  physical 
composition  of  a  soil  are  the  primary  factors  determining  the  soil's  effective¬ 
ness  for  shielding  ground-water  free  contamination.  However,  the  composition 
of  the  waste  and  environmental  factors  such  as  annual  precipitation*  are  also 
very  Important.  These  factors  may  be  of  equal  or  greater  Importance  than  the 
soil  composition  If  t  very  soluble  waste  containing  large  quantities  of  toxic 
substances  Is  Inproperly  disposed  of. 


Before  the  movement  of  contaminants  through  soil  can  be  evaluated  In 
quantitative  terms.  It  Is  necessary  to  have  at  least  a  qualitative  picture  of 
the  Important  aspects  of  the  process.  As  a  waste  is  leached  by  precipitation 
and  other  surface  weter,  components  In  It  are  depleted.  This  generally  will 
cause  each  succeeding  volume  of  extract  to  have  a  different  composition.  The 
most  soluble  chemicals  will  leach  out  first,  so  the  Initial  washings  usually 
contain  the  highest  concentrations  of  salts  as  shown  in  Figure  1.  Besides 
being  challenged  by  a  changing  solution,  the  soil's  Ion-removal  character¬ 
istics  continually  change  with  time  as  the  soil  becomes  conditioned  and 
loaded  by  the  passage  of  waste  extracts.  Since  each  portion  of  waste  is 
changed  by  passage  through  i  segment  (layer)  of  soil,  the  conditioning  each 
succeeding  segment  of  soil  receives  is  different  and  each  segment  therefore 
may  remove  different  proportions  of  the  various  ions  present  in  the  waste 
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•x tract.  So  although  the  soil  segments  start  out  the  same.  In  effect  they 
became  different  soils  due  to  the  passage  of  the  different  waste  extracts. 

The  soil  may  remove  Ions  from  the  waste,  but  the  waste  extract  can  also 
displace  Ions  from  the  soil.  This  release  of  Ions  originally  present  In  the 
sell  CM  shift  with  quantity  and  type  of  Ions  present  In  the  extract.  The 
soil  may  also  give  up  Ions  that  It  previously  had  removed  from  the  extract, 
because  the  soil's  characteristics  can  change  due  to  the  passage  of  the 
waste-extract  solution  which,  as  mentioned  above,  changes  with  depth  and  with 
extent  of  leaching. 


OBJECTIVES 

The  Initial  objective  of  this  work  was  to  measure  the  leachablllty  of 
selected  wastes  and  determine  the  attenuation  character; sties  of  certain 
soils.  But  to  be  able  to  correctly  evaluate  this  dynamically  changing 
situation.  It  was  necessary  to  design  an  experimental  approach  that  takes 
Into  account  the  changes  In  the  nature  of  the  soil  and  the  changes  In  the 
total  composition  of  the  waste  extract  as  leaching  progresses.  For  future 
applications,  this  laboratory  procedure  should  also  be  rapid  and  versatile  to 
facilitate  examining  the  effect  of  other  variables  of  potential  Importance  In 
a  field  situation.  Such  a  procedure  would  be  usable  for  research  Irtended  to 
Improve  land  disposal  technology  and  to  provide  Input  data  for  prediction 
equations.  It  would  also  allow  rapidly  measuring  the  leachablllty  of  hazard¬ 
ous  materials  from  a  waste  and  determining  the  effectiveness  of  soils  under¬ 
lying  a  potential  disposal  site. 


EXPERIMENTAL  PROCEDURE 

A  graded  serial  batch  extraction  procedure  was  developed  for  rapidly 
determining  the  leachablllty  of  wastes  and  the  attenuation  characteristics  of 
soils.  In  this  experimental  approach,  a  weighed  amount  of  waste  Is  extracted 
by  a  specified  amount  of  water,  then,  after  remaining  In  contact  long  enough 
to  equilibrate,  the  waste  extract  Is  filtered,  a  sample  Is  taken  for  analysis, 
and  a  measured  voluee  of  the  extract  Is  placed  on  a  certain  weight  of  soil. 

This  soil  slurry  Is  equilibrated,  filtered,  a  sample  of  the  extract  Is  taken 
for  analysis,  and  a  volume  of  the  remaining  extract  Is  placed  on  a  lesser 
amount  of  soil.  (This  Is  to  allow  maintaining  a  constant  llquld-to-solld 
ratio  In  spite  of  having  taken  a  sample.)  The  process  Is  again  repeated  with 
a  third  even  smaller  batch  of  soil.  Meanwhile,  the  original  extracted  waste 
Is  treated  with  a  second,  larger,  volume  of  water  and  this  extract  Is  passed 
down  through  the  same  three  batches  of  soil.  In  succession.  This  process  Is 
repeated  until  the  desired  number  of  extractions  have  been  performed. 

Depending  upon  the  rate  of  movement  of  the  liquid  front  at  the  field  site  of 
Interest,  the  series  of  seven  extractions  utilized  for  this  work  were  the 
equivalent  of  from  two  months  (at  10~4  cm/sec  liquid  front  velocity  In  the 
pores)  to  17  years  (at  10‘6  cm/sec  pore  water  velocity)  of  leaching. 

Samples  of  wastes  were  collected  from  the  following  Industries:  zinc- 
carbon  battery  manufacturing,  titanium  dioxide  pigment  production,  hydrofluoric 
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•cld  Manufacturing,  whit*  phosphorus  production,  oil  re-refining,  and  two 
from  xlnc  secondary- refining  (cinders  and  scrubber-waste) .  After  analyzing 
these  wastes  to  determine  the  content  of  potentially  hazardous  inorganic 
Ions,  they  were  examined  by  the  graded  serial  batch  extraction  procedure. 
Water  extracts  -of  these  wastes  were  applied  to  Chalmers,  Davidson,  and 
Nicholson  soils.  The  analysis  of  the  resulting  solutions  for  pH,  conductiv¬ 
ity#  and  concentrations  of  specified  hazardous  Iotis  before  and  after  contact 
with  the  soils  allowed  calculating  distribution  coefficients  (the  slopes  of 
adsorption  Isotherms),  penetration  factors  (the  reciprocal  of  attenuation 
factor),  the  fraction  of  each  Ion  retained  on  the  soils,  the  amount  flushed 
off  from  a  soil  by  the  passage  of  a  later  extract,  the  yield  of  an  Ion  per 
unit  weight  of  waste,  and  the  amount  of  an  Ion  penetrating  and  retained  by  a 
unit  weight  of  soil  (expressed  In  micrograms  of  the  Ion  per  gram  of  waste  or 
soil,  which  Is  numerically  equivalent  to  grams  per  metric  ton  of  approxi¬ 
mately  2200  lbs.)  The  effect  of  soll-to-waste  ratio  on  these  measurements 
was  also  obtained.  Although  characteristics  of  specific  wastes  and  soils 
were  determined,  the  results  cannot  be  considered  as  representatl ve  of  each 
type  of  waste  studied,  because  only  a  single  plant  was  sampled  In  each 
Industry. 
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SECTION  2 


CONCLUSIONS 


POLLUTION  PREDICTION  TECHNIQUES 

1.  Tht  current  state  of  knowledge  Is  not  sufficient  to  allow  formula¬ 
ting  a  workable  prediction  model  that  Includes  all  of  the  variables  control¬ 
ling  Ion  movement  In  sells.  The  most  reliable  means  for  predicting  the  ef¬ 
fects  of  a  waste  on  adjacent  or  underlying  waters  at  a  proposed  location  Is 
to  derive  empirical  equations  from  site-specific  experiments  which  simulate 
the  Important  aspects  of  the  field  situation. 

2.  The  concentration  of  Ions  In  the  leachate  frem  a  waste  changes  over 
time  because  the  most  soluble  components  of  the  waste  are  removed  first  and 
the  less  soluble  are  released  more  slowly  and  over  a  longer  period  of  time. 
Because  of  this  leaching  behavior,  and  the  fact  that  retention  by  soil  de¬ 
pends  upon  both  the  current  solution  composition  and  the  soil's  history  of 
exposure,  simplified  solutions  of  constant  composition  should  not  be  used 

to  simulate  field  conditions. 

3.  The  retention  of  chemical  species  by  a  soil  depends  upon  mechanisms 
other  than  just  adsorption  and  Is  affected  by  nijmerous  variables  besides  tem¬ 
perature,  so  the  usual  contaminant-soil  adsorption  Isotherms  are  too  limited 
to  be  useful  for  determining  the  effects  of  waste  disposal  upon  soil.  Be¬ 
cause  the  conditions  for  retention  vary  continually  as  a  function  of  the 
leaching  of  the  waste  and  of  the  depth  a;td  pre-conditioning  of  the  soil, 
these  factors  must  be  Included  In  the  design  of  the  experiments. 

4.  To  assess  the  suitability  of  a  site  for  disposing  of  a  given  waste, 
the  leaching  behavior  of  the  waste  can  be  characterized  and  the  ability  of 
the  underlying  soils  to  remove  a  chemical  species  from  the  waste  leachate 
can  be  more  conveniently  and  rapidly  evaluated  with  properly  designed  serial 
batch  extractions  than  with  other  techniques  such  as  column  studies.  The 
characteristics  of  the  proposed  graded  serial  batch  extraction  technique 
also  allows  readily  conducting  the  experiments  required  to  evaluate  alter¬ 
native  site  management  procedures  In  the  usual  situation  where  more  than 

one  waste  Is  to  be  placed  In  a  site  and  where  one  kind  of  soil  underlies 
another. 
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ZINC-CARBON  BATTERIES 


1.  The  Initial  concentrations  of  cadmium,  lead,  mercury,  and  zinc  In 
the  water  extracts  of  broken  zinc-carbon  batteries  were  low  to  moderately 
high  compared  to  the  safe  drinking  water  standards  (listed  In  Table  14)  and 
the  concentrations  decreased  farther  as  leaching  progressed. 

2.  After  contact  with  clay  soils  (Chalmers,  Davidson  and  Nicholson 
soils),  the  waste  leachate  contained  very  low  concentrations  of  these  met¬ 
als. 

TITANIUM  DIOXIDE  PIGMENT  WASTE 

1.  &ter  extracts  of  this  waste  contained  low  to  very  low  concentra¬ 
tions  of  chromium,  lead  and  titanium.  The  compounds  containing  these  met¬ 
als  apparently  were  very  Insoluble,  as  only  a  few  hundreths  of  a  percent 
dissolved  during  the  entire  series  of  seven  extractions. 

2.  After  contact  with  clay  soils,  the  waste  leachate  contained  very 
low  concentrations  of  these  metals. 

HYDROFLUORIC  ACID  HASTE 

1.  The  waste  sample  was  taken  prior  to  the  final  neutralization  in 
the  waste  treatment  process  because  some  manufacturing  plants  do  not  Include 
this  step. 

2.  Mater  extracts  were  highly  acidic  and  contained  high  concentrations 
of  fluoride.  The  seven  extractions  removed  56  percent  of  the  total  fluorine 
In  the  waste. 

3.  Clay  soils  were  Initially  very  effective  In  removing  fluoride  from 
the  waste  leachate,  but  by  the  fourth  extraction  they  were  releasing  sub¬ 
stantial  amounts  of  fluoride  previously  retained. 

4.  Land  disposal  of  acidic  wastes  containing  fluorine  will  require 
special  attention  because  of  the  potential  for  fluoride  movement  In  soils. 

WHITE  PHOSPHORUS  WASTE 

1.  The  water  extracts  were  of  high  pH,  although  the  concentrations  of 
fluorides  and  phosphorus-containing  compounds  were  very  low. 

2.  Only  a  few  tenths  of  a  percent  of  the  available  fluorine  and  phos¬ 
phorus  were  removed  In  the  seven  extractions,  so  the  waste  appeared  to  be  a 
long-term  source  of  fluoride  Ion. 

3.  Afte**  continued  exposure  to  the  strongly  basic  leachate,  the  soils 
lost  their  ability  to  reduce  the  pH  and  they  also  started  to  release  pre¬ 
viously-retained  fluoride  and  phosphorus. 
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ZINC  SECONDARY- REFIN ING  CINDERS 


1.  These  cinders  had  been  laying  In  an  open  dumping  area,  so  were  al¬ 
ready  partly  leached. 

2.  The  water  extracts  yielded  low  or  very  low  concentrations  of  cad¬ 
mium,  lead,  nickel,  and  zinc. 

3.  The  sample  tested  was  quite  Insoluble  and  only  a  few  tenths  of  a 
percent  of  lead,  nickel,  and  zinc  dissolved,  and  less  than  three  percent  of 
the  cadmium  was  removed  by  the  seven  extractions. 

4.  The  effluents  from  the  soils  contained  very  low  concentrations  of 
these  metals,  although  previously-retained  cadmium  was  being  released  in  the 
later  extractions. 

ZINC  SECONDARY-REFINING  SLUDGE 


1.  Water  extracts  of  the  sludge  from  this  Industry  produced  a  leachate 
with  a  very  high  Initial  cadmium  concentration  which  then  dropped  to  a  low 
level.  The  clay  soils  passed  only  low  levels  of  this  metal,  but  began  to 
give  up  cadmium  previously  retained.  Indicating  the  possibility  of  poor  per¬ 
formance  upon  further  exposure  to  this  waste. 


2.  Lead  was  retained  very  well  by  all  three  clay  soils  and  only  low 
concentrations  penetrated  them.  The  waste  appeared  to  be  a  long-term  source 
of  lead;  the  concentration  of  lead  was  moderately  high  In  the  waste  extract 
throughout  the  period  of  leaching,  and  although  only  2.2  percent  of  the  lead 
was  extracted  during  these  tests,  the  waste  Is  about  6.8  percent  lead. 
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4.  The  zinc  salts  were  sufficiently  soluble  at  first  to  give  a  solu¬ 
tion  of  moderate  zinc  concentration,  but  It  dropped  to  a  low  concentration 
by  the  seventh  extraction.  Although  only  three  percent  of  the  zinc  dissolved 
In  this  time,  potentially  leaving  a  long-term  source  (this  waste  was  38  per¬ 
cent  zinc),  the  concentration  should  be  very  low  unless  influenced  by  exter¬ 
nal  factors.  The  clay  soils  further  reduced  the  zinc  concentration,  with 
Nicholson  and  Chalmers  soils  retaining  about  80  percent,  and  Davidson  soil 
50  percent  of  the  cumulative  challenge. 


OIL  RE-REFINING  WASTE 


1.  Extremely  low  concentrations  of  beryllium  were  leached  by  water 
from  this  organic  waste  but  the  highly  acidic  solutions  were  powerful  dis¬ 
placers  of  beryllium  from  the  soils. 

2.  Boron  appeared  at  moderately  low  concentration  in  the  initial  wa¬ 
ter  extracts.  The  ability  of  clay  soil  to  remove  boron  from  solution 
dropped  rapidly  and  the  soils  soon  gave  up  previously-retained  boron. 
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3.  The  Initial  extracts  contained  moderate  concentrations  of  cadmium. 
The  soil  effluents  usually  contained  higher  concentrations  than  the  chal¬ 
lenges,  showing  that  cadmium  was  displaced  from  the  soils  by  components  of 
the  hlghly-acldlc  extracts. 

4.  Chromium  Initially  appeared  at  a  moderate  concentration,  but  the 
soil  extracts  were  always  higher  than  the  challenge,  showing  that  the  com¬ 
position  of  the  extracts  caused  release  of  chromium  from  the  soils. 

5.  Copper  was  eluted  from  the  waste  In  very  low  concentrations,  but 
considerably  more  copper  was  displaced  from  the  soils  than  was  present  In 
the  series  of  waste  extracts. 

6.  Moderate  concentrations  of  lead  persisted  In  the  waste  extracts, 
and  lead  was  released  from  the  soils  In  many  of  the  extractions. 

7.  Very  low  concentrations  of  nickel  were  found  In  the  waste  extracts, 
but  these  solutions  displaced  considerable  amounts  of  nickel  from  the  soils. 

8.  Very,  very  low  concentrations  of  tl  Uni  urn  leached  out  of  this 
waste.  The  acidic  extracts  displaced  considerable  titanium  from  the  soils. 

9.  Moderate  concentrations  of  zinc  were  found  In  the  Initial  extrac¬ 
tions  and  although  this  element  was  reUlned  by  clay  soil  from  the  first 
extract.  It  generally  was  released  by  subsequent  extractions  throughout 
the  remainder  of  the  series. 
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SECTION  3 


RECOMMENDATIONS 


1.  The  graded  serial  batch  extraction  technique  should  be  used  to  con¬ 
duct  experiments  designed  to  examine  the  following  aspects  of  waste  disposal 

The  leaching  of  Ions  from  combinations  of  wastes  or  wastes  deposited 
In  sequence,  and  the  net  retention  by  soil  of  Ions  from  these  leachates. 

The  leaching  and  retention  of  Ions  when  extractants  other  than  dis¬ 
tilled  or  deionized  water  are  used  — e.g.,  municipal  landfill  leach¬ 
ate  or  simulated  acid  rain. 

The  long  term  retention  of  Ions  by  soil  after  overlying  wastes  have 
ceased  releasing  Ions.  (Appendices  C  and  D  show  preliminary  studies 
on  the  flushing  by  water  of  soils  previously  exposed  to  wastes,  and 
the  effects  of  placing  new  waste  on  already  leached  wastes  and  soils.} 

2.  Because  the  distribution  of  Ions  between  the  soil  and  the  solution 
passing  through  It  varies  with  the  number  of  soil  batches  (which  simulate 
Increased  soil  depth),  work  should  be  conducted  with  greater  numbers  of 
batches  to  examine  the  ability  to  extrapolate  to  even  greater  depths  of 

en4l  4  m  S4  51  A 
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3.  Results  from  this  procedure  should  be  compared  with  carefully- 
planned  field  trials.  Measurements  should  be  made  of  the  effects  of  those 
factors  that  significantly  affect  the  accuracy  of  extrapolation  to  a  field 
situation. 

4.  Because  the  first  water  extract  of  a  waste  removes  the  most  solu¬ 
ble  components  and  commonly  contains  the  greatest  amounts  of  toxic  ions, 
the  feasibility  of  extracting  waste  solids  once  or  twice  with  water  (per¬ 
haps  then  drying  them  to  render  hydrated  species  less  soluble)  and  treating 
washings  separately  should  be  examined  as  a  way  of  greatly  reducing  the  haz¬ 
ard  from  disposal  on  land. 

5.  The  serial  batch  extraction  procedure  can  be  used  to  study  the  ef¬ 
fectiveness  of  various  fixation  processes  for  Industrial  wastes.  The  ac¬ 
celerated  testing  capability  It  provides  should  allow  rapidly  estimating 
the  long-term  ability  of  many  kinds  of  processes  to  retard  solubility. 
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SECTION  4 


METHODS  AND  MATERIALS 


WASTE  AND  SOIL  EXTRACTION  METHOD 

A  sequence  of  seven  extracts  was  made  from  each  waste.  Ordinarily  a 
sample  of  waste  was  dried  to  determine  moisture  content,  then  sufficient 
undried  sample  was  weighed  to  give  300  grams  dry  weight.  (Drying  the  sample 
could  affect  hydrated  species  and  drastically  reduce  the  solubility.)  If  the 
waste  had  supernatant  water,  the  volume  of  the  water  was  considered  as  part 
or  all  of  the  first  extract.  Appropriate  volumes  of  water  were  added  for 
each  extraction  to  produce  the  llquld-to-solld  ratio  given  In  the  second 
column  of  Table  1.  The  sample  bottle  was  shaken  gently  4  or  5  times  dally 
(continual  mechanical  shaking  was  not  used  because  of  concern  that  It  might 
abrade  the  waste  agglomerates,  making  them  more  susceptible  to  extraction). 
The  time  require*,  to  reach  equilibrium  was  determined  by  periodically  with¬ 
drawing  an  aliquot  for  analysis;  24  hours  Is  adequate  for  most  wastes  of 
smll  particle  size.  However,  longer  extraction  was  required  for  some 
wastes.  At  the  end  of  the  extraction  period,  the  mixture  was  filtered  under 
vacuum  using  a  hardened  filter  paper  (such  as  Whatman  54)  In  a  Buchner 
funnel.  An  aliquot  of  approximately  20  milliliters  of  the  filtrate  was 
withdrawn  for  analysis  of  metals,  etc.  and  filtered  through  a  0.5  u  M111lpore 
filter  to  remove  fine  particles  which  might  have  by-passed  the  filter  paper 
and  could  dissolve  when  the  sample  was  acidified  (after  measuring  conductance 
pH,  and  fluoride  Ion,  one  percent  concentrated  nitric  acid  was  added  to  the 
filtrate  to  Inhibit  precipitation  while  standing).  The  solid  waste  residue 
was  transferred  back  to  the  jar  and  mixed  with  the  volume  of  water  specified 
for  the  next  batch.  The  flow-chart  of  Figure  2  outlines  the  sequence  of 
operations. 


TABLE  1.  SPECIFICATIONS  FOR  SERIAL  BATCH  EXTRACTIONS  ^ 


Extract¬ 

ion 

Number 

Water 

Added 

(ml/g) 

Volume  of 

Volume  of  Filtrate  Onto  a  Soil  (ml) 

Water  (ml ) 
Extracting 

300  g  Waste 

I 

60  g 

Soil 

n 

30  g 

Soil 

m 

15  g 

Soil 

1 

2 

600 

120 

60 

30 

2 

3 

900 

180 

90 

45 

3 

6 

1,800 

360 

180 

90 

4 

12 

3,600 

720 

360 

180 

5 

24 

7,200 

M40 

720 

360 

6 

48 

14,400 

2,880 

1 ,440 

720 

7 

96 

28,800 

5,760 

2,880 

1 ,440 

10 
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FIGURE  2.  FLOW  CHART  FOR  GRADED  SERIAL  BATCH  EXTRACTIONS. 


In  the  procedure  detailed  here-  the  liquld-to-solid  ratio  was  continu¬ 
ally  Increased  (Figure  3)  to  further  accelerate  the  testing— the  volume  of 
each  extraction  afcer  the  second  one  was  made  double  the  one  before,  which 
redoubles  the  time  represented  by  that  extract  (see  discussion  In  Section 
5).  (With  some  wastes,  adequate  results  may  be  obtainable  by  using  very 
large  volumes  right  from  the  first,  or,  one  or  two  extractions  using  small 
liquld-to-solid  ratios,  followed  by  a  very  large  one  as  shown  in  Figure  4. 
However,  this  would  have  to  be  checked  for  each  kind  of  waste  by  comparison 
with  the  more  conservative  series  of  extractions  utilized  In  Table  1.  Such  a 
procedure  would  allow  rapid  simulation  of  long  leaching  periods  and  could  be 
useful  In  the  routine  monitoring  of  variations  In  waste  composition  and 
teachability.)  (3) 

The  filtrate  resulting  from  each  sequential  extraction  of  the  waste  was 
mixed  with  the  first  of  three  batches  of  each  kind  of  soil.  The  weights  of 
soil  used  were  60,  30,  15  grams,  representing  section  I,  II,  and  III, 
respectively.  This  gradation  in  weight  allows  taking  an  aliquot  of  the 
extract  for  analysis  and  having  enough  extract  left  over  to  challenge  the 
next  soil  batch  at  the  same  liquid- to- sol Id  ratio.  Extracting  300  grams  of 
waste  yields  sufficient  solution  to  challenge  three  different  kinds  of  soil 
In  experiments  set  up  with  the  proportions  stated  In  Table  1. 

Although  the  soil  equilibrates  In  six  hours  or  less  (4),  each  solution 
was  kept  In  contact  with  the  batch  of  soil  before  filtration  for  the  same 
length  of  time  as  used  to  extract  the  waste.  This  was  to  keep  the  samples 
progressing  smoothly  without  gaps  In  the  series.  After  filtering  the  soil 
extract,  an  aliquot  was  refiltered  through  a  Mllllpore  filter  and  saved  for 
analysis.  The  appropriate  volume  of  the  remaining  filtrate  was  added  to  the 
next  batch  of  soil.  The  soil  exposed  to  the  first  waste  extract  was  recovered 
and  mixed  with  the  second  waste  extract  in  the  series.  This  was 
repeated  until  the  waste  had  been  extracted  seven  times  and  each  waste 
extract  had  progressed  through  all  three  soil  batcher.  (An  eighth  extract 
could  have  been  made  to  further  Increase  the  equivalent  leaching  time.)  This 
procedure  was  run  In  duplicate. 


METHODS  OF  ANALYSIS 
Conductance  and  pH 

The  pH  and  conductance  of  each  waste  and  soil  sample  were  measured  using 
the  standard  procedure  specified  In,  "Manual  of  Methods  for  Chemical  Analysis 
of  Water  and  Wastes".  (5) 

Fluoride  Content 


Dissolved  fluoride  was  determined  using  ithe  fluoride  ion  activity 
electrode  method  (6).  Total  fluoride  content  of  the  wastes  was  measured 
using  the  Del lack  distillation  method  (7),  followed  by  the  fluoride  electrode 
method. 
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FIGURE  3. 


ESTIMATE  BY  EXTRACTING  WITH  3,5,  AND  100  HILL ITERS  PER  GRAM. 


Phosphorus  and  Metal  Content 
Digestion  of  Wastes  and  Soils— 

In  order  to  determine  the  Initial  phosphorus  and  metal  content  of  the 
wastes  and  soils,  they  were  subjected  to  an  aqua-regia  digestion.  One  gram  + 
one  milligram  of  dried  waste  or  soil  was  weighed  Into  a  400  ml  beaker. 

Fifteen  milliliters  concentrated  hydrochloric  and  five  milliliters  concentra¬ 
ted  nitric  acid  was  added  to  each  sample.  The  samples  were  covered  with 
watch  glasses,  placed  on  a  hot  plate  at  low  heat,  and  evaporated  (digested) 
to  Incipient  dryness,  talcing  care  to  prevent  boiling-over  or  splattering  of 
the  digestion  mixture.  The  samples  were  removed  froir  the  hot  plate  and 
allowed  to  cool  for  five  minutes.  The  watch  glasses  and  the  sides  of  the 
beakers  were  washed  down  with  distilled  water.  The  acidity  was  adjusted  by 
adding  two  milliliters  concentrated  nitric  acid  and  bringing  the  volume  In 
the  beaker  to  15  to  20  milliliters  with  distilled  water.  The  samples  were 
placed  back  on  the  hot  plate,  left  uncovered,  and  brought  to  a  low  boil.  The 
samples  were  then  removed  and  allowed  to  cool  for  15  minutes.  They  next  were 
filtered  through  Whatman  Ho.  54  filter  paper  Into  50  milliliter  volumetric 
flasks.  The  residue  In  the  beakers  was  washed  5  to  7  times  with  small  por¬ 
tions  of  distilled  water,  letting  the  washings  pass  through  the  filter 
between  washings.  The  volimetrlc  flasks  were  then  filled  to  volume.  A 
reagent  blank  was  treated  In  the  same  manner. 

Quantitative  Analysis- 

Mercury  In  undigested  wastes  and  soils,  and  In  the  acidified  batch  extrac¬ 
tion  samples  were  measured  using  a  Perkln-Elmer  Model  303  Atomic  Absorption 
Spectrophotometer  (AAS)  equipped  with  the  Perkln-Elmer  Model  56  strip  chart 
recorder  and  a  Perkln-Elmer  Flameless  Mercury  Analysis  System.  The  detection 
limit  was  0.02  mlcrograns  mercury  In  100  ml.  The  following  operational 
parameters  were  used. 

Wavelength  -  253.7  nm; 

Slit  Setting  -  4  (0.7  nm); 

Light  Source  -  Perkln-Elmer  hollow  cathode  lamp. 

A  stock  standard  solution  of  mercury  was  made  by  dissolving  1.080  grams 
of  Mercury  (II)  oxide  In  a  minimum  amount  of  (1:1)  hydrochloric  acldrdlstllled 
water  and  diluted  to  one  liter  with  distilled  water.  This  equalled  1000 
nlcrograms/mll 111 Iter  mercury. 

The  other  elements  Investigated  In  this  study  were  measured  using  argon 
plasma  emission  spectrophotometry.  This  technique  offers  several  advantages 
over  the  more  conventional  AAS  technique*.  These  are: 

_ «•  Increased  sensitivity  for  certain  elements  due  to  higher  excitation 

teejwrature  (6000°  K  In  the  working  region  of  the  plasma  versus  3000°  K  for 
AAS  flame).  An  example  of  the  effect  of  this  temperature  Increase  on  various 
elements  can  be  found  In  the  boron  and  phosphorus  analyses.  Boron  can  be 
determined  at  concentrations  as  low  as  0.1  mlcrogram/mllllllter  by  plasma  arc 
versus  S.O  mlcrogrcms/mllllllter  by  AAS.  Phosphorus  can  be  measured  as  low 
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«s  0.5  mlcrograms/minillter  by  plasma  arc.  This  element  can  not  be  measured 
by  AAS  at  reasonable  concentrations. 

b.  The  method  does  not  require  a  separate  source  for  each  element. 
Instead*  the  flame  excites  the  element*  and  the  optics  of  the  Instrument 
separates  the  specific  wavelengths  of  light  for  each  metal.  By  using  an 
array  of  photomultiplier  tubes  and  a  preselected  wavelength  cassette*  the 
spectrophotometer  can  be  operated  In  a  multi -element  mode.  This  permits 
measuring  up  to  20  elements  simultaneously. 

C.  It  requires  only  one  gas:  Nonflamable,  nontoxic  argon.  This  Is  a 
distinct  safety  advantage  over  AAS. 

The  argon  plasma  emission  method  does  have  certain  limitations. 

Although  It  Is  possible  to  measure  20  elements  simultaneously.  It  Is  difficult 
to  prepare  one  standard  containing  the  desired  quantities  of  twenty  elements 
without  precipitating  some  elements.  However,  a  standard  was  prepared  which 
contained  one  mlcrogram/mll 111 Iter  of  beryllium,  cadmium,  chromium,  copper, 
lead*  nickel,  titanium,  and  zinc  and  10  mlcrograms/mllllllter  boron  and  100 
art crograms/mlllll Iter  magnesium.  Phosphorus  was  prepared  In  a  separate 
standard  at  a  concentration  of  100  mlcrograms/mllllllter.  This  multi -element 
standard  was  acidified  with  concentrated  nitric  acid  to  one  percent.  In 
addition.  It  was  prepared  with  2000  mlcrograms/mllllllter  lithium  for  the 
reason  discussed  below. 

One  problem  with  the  argon  plasma  emission  method  Is  the  effect  of 
alkaline  metals  and  earths  (sodium,  potassium,  calcium,  and  magnesium)  upon 
the  analysis  of  chromium,  lead,  and  zinc.  The  effect  usually  appears  as  a 
positive  enhancement  In  the  response  from  these  elements  and  Is  read  as 
erroneously  high  concentrations.  Because  relatively  high  concentrations  of 
alkaline  metals  and  earths  were  expected  In  some  of  the  samples.  It  was 
Imperative  that  effect  upon  the  argon  plasma  emission  method  be  eliminated. 

It  has  been  reported  that  the  enhancement  can  be  suppressed  through  the 
addition  of  lithium  to  each  sample.  This  was  Investigated  using  several 
concentrations  of  lithium.  It  was  found  that  2000  micrograms  llthlum/mllll- 
Uter  completely  suppressed  the  effect  of  the  alkaline  metals  and  earths  upon 
the  chromium  and  zinc  analyses  and  partially  suppressed  the  effect  upon  the 
lead  analysis.  It  was  determined  that  the  lead  analysis  enhancement  was 
caused  by  magnesium,  probably  due  to  line  spreading  of  a  strong  magnesium 
line  at  2802  Angstroms  or  a  weak  intensity  line  at  2852  Angstroms.  These  two 
magnesium  lines  bracketed  the  analytical  line  for  lead  located  at  2833 
Angstroms.  This  Is  not  the  optimum  emission  line  available  for  lead  but 
potential  emissions  from  other  elements  dictated  selection  of  the  2833 
Angstrom  line  If  more  severe  Interferences  were  to  be  avoided. 

In  order  to  analyze  lead  using  the  argon  plasma  emission  spectrophoto¬ 
meter,  a  means  of  compensating  for  the  magnesium  enhancement  was  needed.  A 
three-level  factorial  experiment  was  run  to  quantitate  the  effect  of  mag¬ 
nesia  and  the  magnitude  of  Interactions.  A  correction-equation  was  derived 
for  the  Instrument  by  regression  analysis  so  that  by  measuring  the  magnesium 
concentration  and  the  apparent  lead  concentration,  the  actual  lead  concen¬ 
tration  could  be  obtained.  The  reliability  of  this  method  was  tested  by 


16 


analyzing  samples  for  magnesium  and  lead  and  applying  the  results  tc  the 
correction  equation.  Tne  samples  were  then  analyzed  by  AAS.  Comparison  of 
the  results  from  both  methods  showed  good  agreement. 

The  precision  and  sensitivity  of  the  argon  plasma  emission  method  for 
the  elements  of  Interest  was  determined  using  the  multi -element  standards 
(except  for  phosphorus).  The  results  are  shown  In  Table  2.  The  lowest 
concentration  of  each  element  listed  In  this  table  Is  approximately  the 
detection  limit  of  the  argon  plasma  emission  equipment  used  In  this  study. 
However,  the  ability  to  quantitate  at  these  levels  was  only  fair.  The 
higher  concentration  listed  for  each  element  was  therefore  considered  the 
"operational"  detection  limit  for  the  method.  These  multi-element  standards 
we*e  relatively  simple  compared  with  actual  waste  and  soil  extracts.  They 
contained  only  the  elements  of  Interest  plus  acid  and  lithium,  and  not  the 
diverse  elements  found  In  waste  or  soil  samples.  The  sensitivity  and  prec¬ 
ision  of  the  method  might  .deteriorate  somewhat  In  complex  samples,  so  the 
higher  concentration  was  used  as  the  detection  limit  In  sample  measurements 
and  the  data  analysis. 

TABLE  2.  PRECISION  AND  SENSITIVITY  OF  THE  ARGON  PLASMA  EMISSION  METHOD 


Check  samples  were  furnished  by  the  Environmental  Protection  Agency. 

The  series  Mere  prepared  as  specified  and  analyzed  by  the  argon  plasma 
emission  method.  The  metals  determined  were  beryllium,  cadmium,  chromium, 
copper,  lead,  nickel,  and  zinc.  In  one  of  the  samples  some  of  the  elements 
were  below  the  detec  ion  limits  of  the  analytical  method.  The  other  elements 
were  approximately  at  the  detection  limit.  This  required  modifying  the 
preparation  of  the  "as  received"  sample  In  order  to  bring  these  elements 
within  the  limits  of  the  method.  Another  one  of  the  samples  was  slightly 
above  the  detection  limits  while  the  concentration  of  the  elements  In  the 
third  sample  was  considerably  above  the  detection  limits. 

For  the  low  concentration  s&mple,  the  analyses  ranged  between  70  to  130 
i*rcent  of  the  stated  value,  except  for  lead  which  was  160  percent  of  the 
stated  value.  The  sample  which  contained  the  elements  slightly  above  the 
detection  limit  gave  results  87  to  106  percent  of  the  stated  value.  The  high 
concentration  sample  was  analyzed  as  being  85  to  106  percent  of  the  stated 
value. 

The  reliability  of  the  argon  plasma  emission  method  was  further  Investi¬ 
gated  by  adding  beryllium,  cadmium,  chromium,  copper,  lead,  nickel,  and  zinc 
to  an  extract  from  a  flue-gas  desulfurization  waste  In  concentrations  suffl- 
clent  to  give  a  0.4)5  mlcrograms/mllllllter  above  the  in  situ  concentration 
of  the  elements  In  the  waste.  The  results  are  shown  In  Table  3. 


TABLE  3.  RECOVERY  OF  ELEMENTS  ADDED  TO  A  WASTE  EXTRACT 


Element 

Found 

Percent  Recovery 

Pb 

0.456 

96 

Cd 

0.479 

101 

Cr 

0.456 

96 

Cu 

0.504 

106 

N1 

0.498 

105 

Pb 

0.509 

107 

Zn 

0.480 

101 

SOILS 


The  three  soils  used  In  this  study  were  Chalmers  soil  from  Indiana, 
Davidson  soil  from  North  Carolina,  and  Nicholson  soil  from  Kentucky.  Th^se 
soils  were  collected  from  the  B-horlzon  soil  zone  (30-100  centimeters  In 
depth)  at  each  location.  These  soils  were  selected  because  of  differences  In 
their  physical  and  chemical  properties  and  clay  mineralogy.  Table  4  shows 
that  Chalmers  and  Nicholson  soils  have  similar  surface  areas  but  significantly 
cation  exchange  capacities.  In  addition,  the  clay  mineral  composi¬ 
tion  ±  micron  separates)  are  much  different.  The  Chalmers  clay  composition 
Is  largely  montmorll Ionite,  with  small  amounts  of  vermlcullte,  chlorite,  and 
kaollnlte.  The  Nicholson  clay  fraction  Is  predominately  vermlcullte  with 
only  a  trace  of  mica  and  kaollnlte.  In  contrast,  Davidson  soil  has  a  low 
surface  :  and  cation  exchange  capacity.  The  clay  Is  predominately  kaollnite 
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but  this  soil  contains  a  high  percentage  of  hydrous  oxides  of  Iron.  It  has 
been  shown  that  Iron  oxides  play  a  major  role  In  heavy  and  trace  metal 
removal.  (8) 


TABLE  4.  SOME  PHYSICAL  ANO  CHEMICAL  PROPERTIES  OF  SOILS  USED  IN  THIS  STUDY 


Soil 

Soil 

Paste 

pH 

Cation 
Exchange 
Capacity 
(meq/100  g) 

Surface 

Area 

Cm^/g) 

Free 

Iron 

Oxides 

% 

Sand 

% 

Texture 

- 5T!t - 

% 

Clay 

% 

Chalmers 

3.6 

26 

12S.6 

3.1 

7 

58 

35 

Oavldsoti 

6.2 

9 

51.3 

17.0 

19 

20 

61 

Nlctalsor 

5.0 

>37 

>120.5 

5.6 

9 

31 

60 

Sauries  of  the  three  soils  were  subjected  to  aqua-regia  digestion.  The 
dlgestates  were  analyzed  for  the  elements  of  Interest  using  argon  plasma 
emission  spectrophotometry  (except  for  fluoride,  which  was  determined  using 
a  distillation  and  Ion  selective  electrode  method).  These  analyses  were 
performed  to  obtain  the  amount  of  each  element  available  for  extraction 
and/or  leaching  from  the  soils  In  addition  to  that  Introduced  by  the  waste. 
The  results  are  shown  In  Table  5  expressed  as  microgram  element/gram  of  soil. 


HASTE  SAMPLES 

Seven  Industrial  wastes  were  used  In  this  study.  They  were  character- 
zled  as  to  their  content  of  the  elements  of  Interest.  Each  waste  will  be 
discussed  separately. 

Zinc-Carbon  Battery  Waste 

This  waste  consists  of  broken-open  reject  Lelanche  (zinc-carbon)  batteries. 
Approximately  one  percent  of  the  batteries  produced  are  rejected.  Cadmium, 
mercury,  lead,  and  zinc  were  the  metals  of  Interest  In  this  waste.  Table  6 
gives  an  "Industry  average"  for  waste  battery  composition,  (9)  but  proprietary 
differences  In  formulation  exist  between  manufacturers  and  battery  types. 
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TABLE  6.  COMPOSITION  OF  ZINC-CARBON  BATTERY  HASTE 


(10) 


Element 


Mercury 

Zinc 

Zinc  Chloride 
Manganese  Dioxide 
Cadmium 

Lead _ 


Concentration 

(mlcroqram/qram) 

7.3 

3,800. 

240. 

615. 

0.27 

0.31 


Titanium  Dioxide  Pigment  Production  Waste 

The  waste  from  this  Industry  results  from  equipment  cleanup  and  the  wash¬ 
ing  and  drying  of  titanium  dioxide  pigment  produced  using  the  chlorine  process. 
(10)  In  this  process,  rutile  ore  or  benefl dated  llmenlte  Is  reacted  with 
gaseous  chlorine  In  the  presence  of  coke  to  produce  liquid  titanium  tetra¬ 
chloride.  This  liquid  Is  purified  by  distillation  and  oxidized  In  a  flame  to 
titanium  dioxide  which  condenses  as  a  fume.  The  pigment  Is  wc?hed  and  fil¬ 
tered.  The  water  from  these  process  steps  1$  treated  with  alkali  to  Increase 
the  pH,  thereby  promoting  precipitation  of  the  metals  from  solution.  The 
solids  are  separated  from  the  water  by  filtration  and  trucked  to  a  commercial 
disposal  site.  The  sample  used  In  this  study  was  collected  at  the  filter. 

The  metals  of  interest  were  beryllium,  cadmium,  chromium,  copper,  lead, 
nickel,  titanium,  and  zinc. 


To  establish  the  amount  of  each  metal  of  Interest  present  In  the  waste,  a 
one  gram  portion  of  the  waste  (dry  weight)  was  digested  with  aqua-regia, 
filtered  and  diluted.  The  metals  listed  above  and  boron,  magnesium,  and  Iron 
were  analyzed  for  using  argon  plasma  emission  spectrophotometry.  The  results 
are  shown  in  Table  7,  expressed  as  microgram/gram  of  waste.  This  provides  an 
estimate  of  the  total  weight  of  each  element  potentially  available  for  leach¬ 
ing  from  the  waste. 


TABLE  7.  ANALYSIS  OF  SELECTED  ELEMENTS  IN  TITANIUM  DIOXIDE  PIGMENT  WASTE 


Element 


Concentration 

(mlcrogram/gram) 


Beryl  1 1  urn 

25. 

Boron 

590. 

Cadmium 

113. 

Chromium 

3,240. 

Copper 

84. 

Iron 

92,200. 

Lead 

270. 

Magnesium* 

7,650. 

Nickel 

270. 

Titanium 

34,300. 

Zinc 

430. 

Magnesium  was  measured  In  order  to  correct  the  lead  result  obtained  by  argon 
plasma  emission  spectrophotometry. 
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Hydrofluoric  Acid  Production  Waste 

This  waste  results  from  treating  fluorspar  with  concentrated  sulfuric 
acid  to  produce  hydrofluoric  acid.  The  residue  is  primarily  calcium  sulfate 
and  a  small  amount  of  calcium  fluoride.  The  dry  residue  Is  strongly  acid. 

This  residue  Is  neutralized  with  lime  and  Is  pumped  to  a  holding  lagoon  where 
It  Is  de-watered  and  allowed  to  dry.  The  dried  waste  (gypsum)  is  pulverized 
and  sized  and  trucked  from  the  plant  and  used  to  stabilize  road  beds.  The 
sample  used  In  this  evaluation  was  collected  as  a  dry  powder  prior  to  the 
addition  of  lime.  The  waste  was  collected  at  this  point  In  order  to  deter¬ 
mine  the  effect  of  the  waste  when  disposed  of  on  land  without  neutralizing 
the  excess  acidity.  (Some  producers  dispose  of  unneutralized  waste.)  The 
element  of  Interest  was  fluorine.  However,  the  concentrations  of  other 
elements  were  also  determined  so  as  to  more  thoroughly  characterize  the 
»»-ite.  As  can  be  seen  from  the  results  presented  In  Table  8,  their  concentra¬ 
tions  were  quite  low  In  comparison  to  fluorine. 


TABLE  8.  ANALYSIS  OF  SELECTED  ELEMENTS  IN  HYDROFLUORIC  ACID  PRODUCTION  WASTE 


Element 

Concentration 

(mlcroqram/qram) 

Beryl  1 1  urn 

0.85 

Boron 

119. 

Cadmium 

9.2 

Chromium 

13.0 

Copper 

5.5 

FI  ucri  R£ 

4,900. 

Lead 

66.2 

Magnesium 

272. 

Nickel 

9.4 

Zinc 

140. 

White  Phosphorus  Production  Waste 

This  waste  originated  from  the  production  of  elemental  phosphorus  by  the 
electric  furnace  method  whereby  phosphorus  is  produced  through  the  reduction  of 
phosphate  rock  by  coke  using  a  silica  flux.  In  this  process,  the  raw 
phosphate  rock  Is  dried  and  then  sized  or  agglomerated.  The  agglomerates 
are  calcined  In  a  rotary  kiln.  The  gases  emitted  by  the  kiln  contain  phos¬ 
phorus,  fluorides,  and  fuel  decomposition  products.  The  gases  are  passed 
through  a  water  scrubber  and  the  resultant  liquor  is  treated  with  lime  to 
precipitate  these  compounds.  The  solid  fraction  of  the  waste  is  composed 
primarily  of  calcium  fluoride,  calcium  phosphate,  calcium  sulfate  and 
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un reacted  lime.  Slurries  of  this  waste  are  highly  alkaline  (pH  12.7). 
Detailed  discussion  of  the  elemental  phosphorus  production  is  presented 
elsewhere  (11). 

The  species  of  interest  in  this  waste  and  in  the  waste  leaching  and  soil 
migration  studies  were  inorganic  phosphorus  (probably  present  as  phosphates) 
and  fluorides.  In  addition,  beryllium,  boron,  cadmium,  chromium,  copper, 
lead,  magnesium,  nickel,  and  zinc  were  determined  in  the  waste.  The  results 
of  the  analysis  are  shown  In  Tab1<»  9. 


TABLE  9.  ANALYSIS  OF  SELECTED  ELEMENTS  IN  PHOSPHORUS  PRODUCTION  WASTE 


Element 

Concentration 

(mlcrogram/gram) 

Beryllium 

2.97 

Boron 

4,180 

Cadmium 

12.9 

Chromium 

24.8 

Copper 

9.98 

Fluorine 

220,000. 

Lead 

230. 

Magnesium 

23,600. 

Nickel 

25.7 

Phosphorus 

14,400. 

Zinc 

63.2 

Secondary  Zinc  Smelter  Wastes 

Two  wastes  were  obtained  from  this  industry.  The  first  was  cinders  and 
ashes  resulting  from  the  smelting  process  before  pollution  control  regula¬ 
tions  were  Imposed.  These  cinders,  rich  in  metals,  had  been  deposited  on  the 
plant  property.  This  resulted  In  a  1  to  10  foot  layer  of  cinders  covering  12 
acres  of  the  plant  property.  After  pollution  control  regulations  were 
Instituted,  a  scrubber  was  Installed  on  the  stack.  The  sludge  from  the 
scrubber  Is  disposed  of  among  the  cinders  on  the  property.  The  scrubber 
sludge  constitutes  the  second  waste  studied.  The  results  of  digesting  and 
analyzing  a  sample  of  each  waste  are  shown  in  Table  10. 
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TABLE  10.  ANALYSES  OF  SELECTED  ELEMENTS  IN  CINDERS  AND  SLUDGE  WASTES  FROM  THE 
SECONDARY  ZINC  SMELTING  INDUSTRY 


Element 

Concentration 

Tmlcroqram/qram) 

Cinders 

STudije  - 

Beryllium 

3.92 

0.82 

Boron 

130. 

57.6 

Cadml urn 

60.2 

54.5 

Chromium 

36.2 

14.8 

Copper 

Lead 

3,070. 

12,500. 

1,270. 

68,200- 

Magnesium* 

17.2 

920. 

Nickel 

1890. 

360. 

Zinc 

50,300. 

383,000. 

Magneslun  was  measured  In  order  to  correct  the  lead  result  obtained  by  arqon 
plasma  emission  spectrophotometry. 


Oil  Re-refining  Waste 

A  waste  was  collected  from  the  oil  re-refining  industry.  The  waste  is 
generated  by  the  re-refining  of  discarded  crank  case  oil,  transmission  fluid, 
grease,  etc.  After  the  oil  Is  dehydrated  to  remove  water,  alcohols,  etc,  it 
Is  heated  with  sulfuric  acid.  The  acid  solubilizes  metals  and  other  compounds 
that  contaminate  used  oils.  The  acid  Is  separated  from  the  oil  and  discarded. 

waste  that  was  used  This  study.  The  waste  was  a  strongly  acid! 
highly  viscous,  tarry  material.  y  ’ 


Triplicate  samples  of  the  waste  were  dissolved  in  aqua  regia.  Because 
o  the  high  organic  content  of  the  waste,  it  had  to  be  repeatedly  mixed  with 
fresh  portions  of  aqua-regia,  heated  to  incipient  dryness,  mixed  with  more 
aqua-regia  and  again  heated  to  incipient  dryness.  The  digestate  was  filtered, 
diluted  to  volume  and  analyzed  by  argon  plasma  emission  spectrophotometry. 

The  elements  of  Interest  were  beryllium,  boron,  cadmium,  chromium,  copper, 
lead,  nickel,  phosphorus,  titanium,  and  zinc.  The  results  are  shown  in  Table 


TABLE  11.  ANALYSIS  OF  SELECTED  ELEMENTS  IN  OIL  RE-REFINING  WASTE 


Element 

Concentration 

(mlcroqram/qram) 

Beryllium 

Trace* 

Boron 

3  54.* 

Cadml urn 

3  5  * 

Chromium 

36.3 

Copper 

58.7 

Lead 

2,330. 

Nickel 

3  2  * 

Phosphorus 

600. 

Titanium 

3  3.  * 

Zinc 

190. 

■j - ■  ■ — _ _ _  _ _ 

The  concentration  in  the  digestate  was  in  the  region  of  the  detection  limit. 
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SECTION  5 


DEVELOPMENT  OF  A  RAPID  LEACHING  TEST 


BACKGROUND 

The  major  problem  encountered  In  waste  leaching  studies  Is  to  duplicate 
the  essential  characteristics  of  the  field  conditions.  That  Is,  to  Include 
those  variables  active  In  the  field  that  have  a  statistically  significant 
effect  upon  the  leaching  of  substances  from  a  waste  and/or  the  passage  of 
these  substances  through  soils,  and  to  exclude  or  minimize  variables  that 
might  be  Introduced  by  the  experimental  setup.  This  Is  the  goal,  and  one 
can  expect  to  fall  short,  but  an  Investigator  should  be  aware  of  how  the 
experiments  fell  short  so  as  to  be  able  to  specify  the  expected  range  of 
applicability  of  the  findings  and  to  qualify  their  ability  to  predict 
effects. 

One  obvious  way  of  obtaining  data  under  conditions  existing  in  the  field 
Is  to  actually  go  to  the  field  for  samples  (performing  soil  coring,  water 
sampling,  etc).  This  has  much  value  (especially  for  predicting  hazards  that 
might  result  from  existing  waste  deposits)  but  the  studies  are  limited  to 
only  those  wastes  which  have  already  been  dumped  and  even  then  to  just 
certain  combinations  of  waste  and  soil  types,  waste-to-soll  ratios,  etc.  In 
the  field  It  Is  not  possible  to  readily  change  variables  to  determine  their 
effect  and  this  lack  of  flexibility  limits  the  examination  to  only  a  few 
factors.  Many  variables  are  completely  out  of  the  control  of  the  experi- 
mentor.  Thus  the  applicability  of  these  types  of  studies  may  be  limited  to 
a  relatively  narrow  range  of  environmental  conditions. 

Laboratory  studies  have  the  potential  advantage  of  allowing  more  control 
over  a  wider  range  of  experimental  conditions.  But  they  also  have  the 
potential  disadvantage  that  significant  field  variables  may  be  excluded 
because  of  the  difficulty  in  simulating  complex  field  conditions  or  because 
of  Improper  experiment  design.  A  compromise  must  be  made  between  experiments 
that  are  an  exact  simulation  of  the  field  situation  and  those  that  allow 
varying  those  factors  controlling  the  responses  of  interest.  But  if  all  of 
the  controlling  factors  are  not  varied  to  establish  their  effects  and  if  they 
are  not  Included  at  proper  levels,  the  empirical  equations  derived  from  this 
Lata  may  not  be  reliable  In  making  predictions  for  situations  where  these 
variables  are  involved.  It  may  be  necessary  to  run  preliminary  experiments  to 
see  which  variables  have  significant  enough  effects  to  merit  including  them 
in  the  final  experimental  plan. 
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There  are  two  principal  laboratory  approaches  for  measuring  the  1  each- 
ability  of  wastes  and  the  migration  of  hazardous  substances  through  soil. 
These  are  batchwlse  extractions  and  the  continuously-leached  column  method, 
both  of  which  are  discussed  below. 


CONTINUOUSLY-LEACHED  COLUMNS  VERSUS  BATCH  EXTRACTIONS 

The  migration  of  chemical  substances  through  soil  Is  usually  studied  In 
the  laboratory  using  columns  packed  with  soil  to  a  predetermined  bulk  density 
(usually  approximating  the  field  density  of  the  undisturbed  soil).  These 
soil  columns  are  challenged  with  a  solution  extracted  from  a  waste  by  water 
or  by  some  other  solvent  such  as  municipal  landfill  leachate,  or  the  soil  Is 
treated  with  simple  solutions  containing  the  Ion  under  study.  A  useful 
configuration  Is  shown  In  Figure  5  along  with  Illustrative  plots  of  the  data 
obtained. 

Continuously- leached  column  experiments  provide  Information  as  to  the 
ability  of  a  soil  to  remove  chemical  substances  from  a  waste  extract.  However, 
an  Important  limitation  of  this  method  Is  the  time  and  effort  required  to 
obtain  and  analyze  a  sufficient  number  of  samples  to  make  predictions  of 
migration  rates  and  toxic  hazards.  This  usually  requires  months  and  may  even 
take  years,  depending  upon  the  flow  rate  of  the  leaching  solution  through  the 
columns.  The  Information  obtained  from  relatively  short-term  column  studies 
cannot  be  relied  upon  to  describe  what  will  occur  during  years  of  leaching. 

When  setting  up  experiments  of  this  type,  an  Investigator  Is  faced  with 
the  problem  of  selecting  values  for  each  experimental  parameter  such  as 
leaching  solvent  flow-rate,  head  pressure,  soil  bulk  density,  column  diameter 
meter,  waste-to-soll  ratio,  etc.  The  choice  of  these  values  may  not  all  be 
entirely  arbitrary,  but  a  given  set  will  yield  results  which  probably  apply 
only  to  that  particular  combination  of  conditions  and  the  experiment  may  not 
be.  very  useful  for  making  general  predictions.  In  addition,  column  experi¬ 
ments  are  cumbersome  and  do  not  readily  lend  themselves  to  changes  In  the 
levels  of  the  experimental  parameters.  Thus,  they  are  slow  and  relatively 
limited  In  applicability. 

If  an  experimental  approach  were  available  which  is  more  rapid  and  more 
versatile  than  the  usual  column  leaching  methods,  a  wider  range  of  environ¬ 
mental  conditions  could  be  Investigated,  thereby  more  completely  describing 
the  behavior  of  a  waste  deposited  on  a  soil.  This  would  also  make  It  more 
practical  to  use  factorial  experiment  designs.  Factorial  experiments  allow 
making  predictions  without  sacrificing  reliability  even  in  the  presence  of 
Interaction  between  multiple  variables.  (Interaction  exists  when  the  effect 
of  one  factor  Is  dependent  upon  the  level  another  factor.  This  Introduces 
error  Into  the  results  of  classical,  vary-one-factor-at-a-tlme  experimentation). 
A  fast  method  would  also  allow  making  timely  determinations,  on  demand,  for 
each  specific  situation. 

In  previous  studies  of  the  Teachability  of  certain  metals  from  a  number 
of  Industrial  wastes  and  the  migration  of  these  metals  through  soils, this 
laboratory  used  continuously-leached  columns.  A  batch  method  was  employed  to 
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rapidly  screen  soils  for  their  ability  to  remove  these  metals  from  the  waste 
leachate  (12).  This  information  vjas  then  used  to  select  soils  for  more 
detailed  colunm  studies.  While  examining  the  data,  it  became  apparent  that 
properly  designed  batch  studies  of  the  leaching  of  both  waste  and  soil  could 
provide  much  of  the  same  Information  obtained  from  column  studies.  However, 
no  adequate  Information  was  available  as  to  the  correlation  between  batch 
extractions  and  continuously-leached  columns  of  industrial  wastes  and  soils. 

As  a  result,  samples  of  the  industrial  wastes  used  in  the  continuously- 
leached  column  studies  were  leached  using  a  serial  batch  extraction  procedure. 
It  was  found  that  the  weights  of  toxic  metals  extracted  from  the  wastes 
batchwlse  compared  well  to  the  column  leaching  (3)  even  though  substantially 
greater  amounts  of  water  were  present  (200  to  4,800  percent  versus  less  than  50 
percent).  Besides  this,  the  results  were  obtained  by  the  serial  batch  extrac¬ 
tion  method  In  only  a  small  fraction  of  the  time  required  by  the  column 
method.  The  serial  batch  method  was  experimentally  much  simpler,  and  it  was 
concluded  that  this  approach  would  permit  the  rapid  investigation  of  the 
effect  of  a  wide  variety  of  environmental  factors  such  as  freeze/thaw  and 
drying/ resaturating  cycles  and  similar  variables  that  would  be  difficult  to 
Include  in  column  studies. 

Other  Investigators  have  used  batch  soil  methods  to  study  the  removal  of 
certain  chemicals  from  waste  extracts  or  municipal  landfill  leachate  (13-16) 
and  obtained  results  that  compared  well  with  column  experiments.  However, 
their  experiments  either  did  not  allow  for  the  changes  In  the  waste  extract 
composition  as  the  waste  depleted,  for  the  further  change  as  the  extract 
contacted  each  increment  of  soli,  and/or  for  the  continually  changing  condi¬ 
tioning  of  each  Increment  of  soil,  a  change  which  depends  both  upon  the 
leaching  time  and  the  soil  depth.  (Appendix  E  discusses  this  further.) 

CORRELATING  CONTINUOUS  AND  BATCHWISE  LEACHING  (2) 

The  data  obtained  from  continuously-leached  columns  may  be  presented  In 
several  ways.  One  technique  Is  to  plot  the  concentration  of  the  chemical  of 
Interest  found  In  the  waste  or  soil  column  samples,  versus  the  cumulative 
volume  through  the  column.  The  common  way  of  expressing  the  cumulative 
volume  Is  to  use  the  cumulative  pore  volume  calculated  for  the  type  and 
weight  of  soil  employed.  However,  changing  the  kind  or  amount  of  soil  will 
change  the  scale  of  the  cumulative  volume  axis  when  pore  volume  is  employed. 
Figure  6  is  an  example  showing  the  difference  obtained  with  different  pore 
volumes  (in  this  case  40  and  60  milliliters).  The  corresponding  total  volume 
in  milliliters  Is  appended  for  comparison. 

It  often  is  not  practical  or  possible  to  determine  a  pore  volume  for  a 
waste  because  of  Its  physical  form  (heterogeneous  suspension,  liquid,  etc). 
This  problem  was  circumvented  by  using  the  soil  column  pore  volume  as  the 
measure  of  liquid  volume  through  the  waste.  It  allowed  correlating  the 
waste-column  output  with  the  soil -column  results  In  a  given  set  of  experi¬ 
ments.  However,  Instead  of  using  the  soil  pore  volume  as  the  principal 
plotting  parameter,  It  is  much  more  flexible  to  plot  the  observed  concen¬ 
tration  of  a  chemical  in  an  extract  versus  the  cumulative  milliliters  of 
leaching  solvent  per  gram  of  waste  or  soil,  as  shown  in  Figure  7.  This 
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owlets  tht  scaling  Independent  of  soil  type,  soil  sample  weight,  and  waste- 
to-soll  ratio  and  allows  the  direct  comparison  of  many  different  designs  of 
•xperlownts.  It  normalizes  the  results  so  they  can  be  more  readily  corre¬ 
lated  to  a  range  of  fleV  conditions.  The  areas  under  the  curves  represent 
the  total  weight  of  a  chemical  extracted  per  gram  of  waste  or  soil.  The 
weights  thus  obtained  can  be  used  to  calculate  attenuation  or  penetration 
factors  for  the  soil. 

These  considerations  make  It  possible  to  correlate  batch  and  continu¬ 
ously-leached  column  experiments.  Batchwlse  extractions  can  be  related  to 
continuously- leached  columns  by  recognizing  that  continuous  leaching  Is 
equivalent  to  running  a  series  of  discrete  extractions  spaced  by  the  fre¬ 
quency  of  collecting  the  effluent  sample.  Figure  8  shows  that  the  concen¬ 
tration  of  a  substance  In  the  periodic  column  samples  can  be  plotted  to 
represent  the  average  for  that  sampling  period.  Thus,  samples  from  the 
continuous  leaching  of  a  column  correspond  to  sequential  batchwlse  extrac¬ 
tions  by  volumes  of  extractant  equal  to  the  volume  passing  through  a  column 
between  the  taking  of  samples. 

When  extracting  a  batch  of  waste  or  soil.  Instead  of  using  the  same 
volume  of  solvent  for  each  successive  extraction,  the  sol  vent- to-waste  or 
-soil  ratios  can  be  graded  In  size,  as  Indicated  by  the  extraction  volumes 
pictured  In  Figure  9.  A  small  sol vent- to-sol Ids  ratio  should  probably  always 
be  employed  for  the  first  extractions.  This  Is  usually  when  the  concentration 
Is  changing  most  rapidly,  so  smaller  Increments  define  the  curve  more 
accurately.  It  also  Is  when  the  soluble  species  will  be  the  most  highly 
concentrated  In  the  extract  (see  Figure  1)  and  the  Ionic  strength  will  be  at 
Its  maximum.  Greater  dilutions  would  reduce  this,  possibly  affecting  the 
solubility  of  other  components.  After  the  more  soluble  components  have  been 
extracted,  the  sol  vent- to-sol Id  ratio  can  be  greatly  Increased,  thus  reduc¬ 
ing  the  total  number  of  extractions  required.  Obviously,  the  further  along 
the  cumulative  milliliter  per  gram  axis  the  extraction  volumes  extend,  the 
longer  the  period  of  column  leaching  the  batchwcrk  Is  equivalent  to. 

THE  BASIS  FOR  ACCELERATED  TESTING 

Batch  extractions  are  rapid  compared  to  letting  the  liquid  percolate 
through  a  column.  If  the  volume  of  liquid  used  In  a  batch  extraction  can  be 
related  to  the  same  volume  of  liquid  passing  through  a  waste  or  soil  over  a 
period  of  time,  sequential  batcii  extractions  can  be  the  basis  for  an  accel¬ 
erated  testing  of  wastes  and  soils.  First,  It  Is  necessary  to  consider  the 
fraction  of  void  space  In  a  soil  (the  pore  fraction)  packed  at  a  certain 
bulk  density.  The  pore  fraction  can  be  calculated  from  the  formula 


Pp 


31 


where: 


PF  •  pore  fraction, 

■  bulk  density,  g/cm3,  and 
pp  *  particle  density,  g/cm3. 


Because  liquid  does  not  pass  through  all  parts  of  a  pore  with  equal  efficiency, 
It  Is  necessary  to  define  an  effective  pore  fraction,  PF' ,  for  each  soil, 
which  Is  some  fraction  of  F  of  the  pore  fraction  calculated  by  Equation  1: 


PF' 


F  (PF) 


(2) 


The  pore  volume  Is  the  total  volume  of  void  space  In  a  given  quantity 
of  soil.  This  Is  obtained  by  multiplying  the  volume  of  the  soil  by  the  pore 
fraction 


PV  -  (PF)  (V). 


(3) 


where: 


PV  •  pore  volume,  cm3,  and 
V  •  volume  of  soil,  cm3. 


An  effective  pore  volume,  PV1  can  be  calculated  by  Inserting  the  effective 
pore  fraction  In  Equation  3: 

PV  -  F  (PF)  (V)  -  (PF')  (V).  (4) 


To  find  the  effective  pore  volume  of  one  gram  of  soil,  PF',  which  Is  of 
Interest  because  the  gram  Is  the  basis  for  the  normalization  employed  In  this 
report,  substitute  the  volume  occupied  by  one  gram  of  soil, 

V  •  —  cm3,  (5) 

“b 

and  Equation  2  Into  Equation  3,  which  yields. 


The  velocity  of  a  liquid  front  moving  through  the  soil  (the  pore  water 
velocity)  can  be  related  to  the  volume  displaced  by  the  front  by  first 
calculating  the  depth  occupied  by  one  gram  of  soil  out  of  the  total  weight 
contained  In  a  cubic  centimeter.  One  gram  of  soil  having  a  specified  bulk 
density  and  a  cross-section  of  one  square  centimeter  will  have  a  depth 

hg  «  —  cm  ,  (7) 
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where: 

h^  •  depth,  cm,  of  one  gram  of  soil. 

The  time  required  for  a  liquid  front  to  pass  through  one  gram  of  soil  (having 


•  depth  of 


cm)  at  a  given  velocity,  l.e.,  the  time  required  to  fill  the 


effective  pore  volume  of  one  gram  of  soil  with  liquid,  Is  given  by 


days. 


where: 

T  -  time,  days,  and 
v  -  velocity,  cm/day. 

Because  the  number  of  effective  pore  volumes  In  a  volume  of  liquid,  V t  Is 


the  time  required  for  the  passage  of  any  volume  of  liquid  through  one  gram  of 
soil  of  one  centimeter  cross-section  at  a  given  pore  water  velocity  can  be 
calculated  from  the  product  of  Equations  8  and  9: 


\  pv;  a  *  / 


days  . 


Another  expression  of  this  relationship  can  be  obtained  by  substituting 
Equation  5  Into  Equation  4,  which  gives. 


PV  -  (PF 


and  substituting  this  Into  Equation  10  yield 

T  rB  d 


days. 


Although  the  —  's  In  the  numerator  and  denominator  are  numerically  equal, 
vb 

the  upper  one  Is  a  height  and  has  dimensions  of  centimeters,  and  the  lower 
one  Is  a  volume  with  dimensions  of  cubic  centimeters,  so  they  cannot  be  can¬ 
celled  In  the  general  case  needed  to  plan  experiments. 
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Engineers  and  other  workers  In  disposal  practice  employ  the  Darclan 
velocity  (17),  the  rate  of  fall  of  the  liquid  In  a  reservoir  above  the  soil. 
Instead  of  the  velocity  of  the  liquid  front  within  the  soil,  which  was  needed 
to  develop  the  equations  above.  Because  the  effective  pore  fraction  is  a 
measure  of  the  area  available  for  the  movement  of  water  through  soil,  it  also 
Is  the  ratio  of  the  Darclan  to  the  pore  water  velocity.  (The  reduced  area 
can  be  visualized  as  a  venturi  orifice  which  accelerates  the  velocity.)  The 
Oarclan  velocity,  uB  ,  therefore  can  be  expressed  as 

-  PF'  v  .  (13) 

The  substitution  of  Equation  13  Into  Equation  12  allows  the  use  of  Darclan 
velocity  to  calculate  the  time  that  a  volume  of  liquid  takes  to  pass  through 
a  gram  of  soil: 


The  Oarclan  velocity  may  be  relatively  easy  to  determine  for  a  lagoon 
having  known  rates  of  Influx  and  evaporative  loss,  but  the  effective  pore 
volumes  of  the  underlying  soils  must  be  known  In  order  to  calculate  how  much 
soil  was  contacted  by  a  volume  of  solution  leaving  the  reservoir.  The  rate 
of  fall  of  the  reservoir  thus  can  only  be  correlated  with  the  residence  time 
in  a  gram  of  soil  of  one  centimeter  cross-section  by  way  of  the  effective 
pore  fraction,  as  was  done  to  obtain  Equation  14  from  Equation  10.  (Using 
Darclan  velocity  directly  Instead  of  converting  to  pore  water  velocity  yields 
a  number  having  different  dimensionality  and  It  can  lead  to  planning  experi¬ 
ments  which  employ  Incorrect  batch  sizes  to  represent  a  given  contact  time.) 

To  Illustrate  the  use  of  these  generalized  equations,  assume  that  i  soil 
has  a  bulk  density  of  1.60  g/cm3,  a  particle  density  of  2.65  g/cm3,  and  that 
effectively  90  percent  of  the  pore  space  transports  liquid  (18).  (These 
values  are  representative  of  the  clays  used  In  the  experimental  work  presented 
In  this  report.)  Thus,  from  Equation  2,  the  effective  pore  fraction  Is 

PF'  -  0.90  ^1  -  -OS")*  0,357 

and  the  effective  pore  volume  per  cubic  centimeter  is 

PV*  -  (0.357)  (1.0)  =  0.357  cm3. 

The  volume  occupied  by  one  gram  of  soil  is 

v  ”  rar  *  0,625  cm3  * 
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so  the  effective  pore  volume  for  the  one  gram  of  soil  is 

1,60  ^  1  1  ^  -  (0.357) (0.625) 


PV 

9 


•  0.90  1 


l' 


TT5T 


Ttt 


0.223  cm3. 


If  a  liquid  penetrates  this  soil  at  a  pore  water  velocity  of  1  x  10' 5  cm/sec 
(which,  with  86,400  sec/da,  Is  0.864  cm/da),  one  milliliter  of  liquid  will 
penetrate  one  gram  of  soil  In 

\  / 

*625  1  -  3.24  days. 


1  ^  /  0.625 

^757554" 


Thus,  an  extraction  with  2  mill  11  Iters  per  gram  of  soil  is  equivalent  to 
2  x  3.24  ■  6.48  days  of  penetration  In  the  field  or  in  a  column.  Table  12 
lists  the  llquld-to-solld  ratios  employed  In  this  study  together  with  the 
cumulative  volumes  and  equivalent  exposure  times  for  liquid  front  velocities 
of  1  x  NT4,  1  x  10"5,  and  1  x  10"6  centimeters  per  second  through  a  typical 
clay.  This  correlation  Is  displayed  graphically  in  Figure  10. 


The  pore  water  velocity  of  the  liquid  In  a  soil  underlying  a  specific 
waste-disposal  site  must  be  calculated  or  determined  experimentally  to  be 
able  to  choose  the  correct  correlation  from  the  table.  However,  the  flow 
rata  determining  the  factor  will  often  be  the  penetrability  of  the  layer  of 
waste.  Table  12  also  applies  to  the  leaching  of  waste  because  the  volume  of 
liquid  passing  through  a  column  of  waste  will  ordinarily  be  the  same  as 
through  the  soil  beneath  It,  as  previously  discussed. 


TABLE  12.  CORRELATION  BETWEEN  EXTRACTION  VOLUME  AND  PENETRATION  TIME  (2) 


Extraction 

Number 

Water 

Added, 

(ml/g) 

Cumul . 
Vol . , 
(ml/gL 

Equivalent  Days  of  Penetration* 

@10“4  cm/sec 

@10’ 5  cm/sec 

@10’ 6  cm/sec 

* 

£ 

2 

0 .65 

6.5 

65. 

2 

3 

5 

1.62 

16.2 

162. 

3 

6 

11 

3.56 

35.6 

356. 

4 

12 

23 

7.45 

74.5 

745.  (2.0  yr) 

5 

24 

47 

15.2 

152. 

1520.  (4.2  yr) 

6 

48 

95 

30.8 

308. 

3080.  (8.4  yr) 

7 

96 

191 

61.9 

619.(1.7  yr) 

6190.  (16.9  yr) 

At  the  specified  pore  water  velocity  through  a  soil  having  an 
effective  pore  volume  of  0.223  ml/g. 

Tables  similar  to  Table  12  can  be  calculated  for  soils  having  other  pore 
volumes  using  Equation  10  or  12.  If  Darcian  velocities  are  desired  in  the 
table,  then  Equation  14  can  be  employed.  (A  table  using  Darcian  velocities 
1$  shown  In  Appendix  A.) 


The  waste  composition  changes  as  components  are  leached  from  the  waste. 
Each  succeeding  portion  of  extract  will  therefore  generally  have  a  different 
composition  as  shown  In  Figure  11.  Besides  being  challenged  by  a  changing 
solution,  the  soil's  Ion-removal  characteristics  continually  change  with 
time  as  the  soil  becomes  conditioned  and  loaded  by  the  passage  of  waste 
extracts.  Since  each  portion  of  waste  is  changed  by  passage  through  soil. 
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FIGURE  10.  RELATING  BATCH  VOLUMES  TO  LEACHING  TIMES  FOR  SOILS  HAVING  A  PORE  VOLUME  OF  0.223  ml/g 


FIGURE  11.  THE  RESULT'S  OF  CHALLENGING  SOIL  WITH  SUCCESSIVE  EXTRACTS  OF  WASTE 


the  conditioning  each  succeeding  segment  of  soil  receives  is  different  and 
each  segment  therefore  may  remove  different  portions  of  the  various  ions 
present  In  the  waste  extract.  So  although  the  soil  segments  start  out  the 
same.  In  effect  they  become  different  soils  due  to  the  passage  of  the 
different  waste  extracts. 

The  soil  removes  Ions  from  the  waste,  but  the  waste  extract  can  also 
displace  Ions  from  the  soil.  In  addition,  soil  can  pick  up  a  specific  ion 
from  a  waste  solution  of  one  composition  and  then  give  It  up  again  as  the 
liquid  composition  changes.  The  soil  may  also  give  up  Ions  later  because  of 
Intervening  conditioning  of  the  soil  by  the  passage  of  the  changing  waste 
extract  solution.  If  extract  samples  were  taken  within  a  layer  of  soil.  It 
would  be  possible  to  study  this  dynamically-changing  situation.  This  can  be 
accomplished  by  placing  sampling  ports  In  the  side  of  a  soil  column,  as 
shown  In  Figure  12.  The  same  results  can  be  attained  In  a  shorter  time  with 
far  fewer  equipment  difficulties  by  putting  waste  extracts  on  successive 
•batches  of  soil  and  taking  a  sample  after  each  extraction.  A  batch  of  soil 
then  will  represent  a  segment  of  soil  from  a  soil  ^ayer. 

Normally,  the  distribution  of  substances  retained  by  the  soil  column  Is 
determined  after  leaching  Is  concluded  by  sectioning  and  analyzing  the  soil 
column.  But  this  serial  batch  approach,  with  sampling  between  batches  of 
soil  (described  In  Section  4,  page  10)  allows  perceiving  what  Is  happening  with¬ 
in  a  bed  of  soil  and  provides  data  which  could  permit  extrapolating  to  the 
effect  of  thicker  strata  —  something  which  cannot  be  done  with  validity  from 
experiments  with  only  a  single  layer  or  from  experiments  which  use  simpler 
conditions.  It  is  re-emphasized  that  batchwlse  testing  also  yields  its  Infor¬ 
mation  In  a  small  fraction  of  the  time  required  by  columns  or  field  studies. 


UTILIZATION  OF  BATCH  EXTRACTION  DATA 

A  variety  of  calculations  can  be  performed  using  the  results  from  the 
graded  serial  batch  extraction  experiments  on  wastes  and  soils.  Table  13 
lists  those  which  were  done  for  this  report,  giving  the  derivation  of  the 
tables  presented  In  Section  6.  In  Table  13,  W  refers  to  the  waste  extract, 
and  I,  II,  and  III,  Identify  the  extract  from  the  first,  second,  and  third 
batches  of  soil,  respectively.  The  subscripts  affixed  to  these  symbols 
Identify  the  number  of  the  extraction  In  the  series  of  seven  employed.  The 
resulting  character  refers  to  the  amount  of  a  chemical  species  found  In  the 
extract,  expressed  In  terms  of  micrograms  per  g>"am  of  waste  or  soil.  Each 
calculation  utilizing  these  quantities  isexplalned  in  the  following  para¬ 
graphs. 

Calculating  the  Weight  of  a  Substance  Leached  from  Waste 

The  weight  of  a  substance  leached  per  gram  of  waste  can  be  calculated  by 
multiplying  the  concentration  of  the  substance  observed  in  the  extract  by  the 
volume  of  water  or  other  extraction  liquid  used,  divided  by  the  weight  of 
waste  being  extracted.  In  consistent  units:  mlcrogram/mi 11 i 1 1  ter  x  milli¬ 
liter/gram  «  mlcrogram/gram  waste.  Thus,  the  weight  extracted  by  each 
extraction  In  the  series  listed  in  Table  1  was  obtained  by  multiplying  the 
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FIGURE  12.  CHALLENGING  MULTIPLE  SOIL  SEGMENTS 
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SUCCESSIVE  EXTRACTS  OF  WASTE 


TABLE  13.  CALCULATIONS  MADE  FROM  THE  SERIAL  BATCH  EXTRACTION  DATA 


observed  concentration  In  mlcrograms/ml 1111 Iter  by  the  extraction  volumes 
listed  In  the  second  column  of  the  table. 

Since  one  percent  concentrated  nitric  acid  was  added  to  keep  Ions  In 
solution,  and  ten  percent  by  volume  of  lithium  nitrate  solution  was  added  to 
suppress  Interference  from  alkaline  metals  and  earths  in  the  analysis  by 
argon  plasma  emission  spectrophotometer,  the  observed  concentration  must  be 
adjusted  to  obtain  the  actual  concentration.  (The  correction  for  the  lithium 
addition  was  accomplished  by  programing  the  concentrations  printed  out  by 
the  spectrophotometer.)  The  corrected  raw  data  from  replicate  extractions 
Is  averaged  and  posted  as  column  C,  Table  13.  Multiplying  each  waste-sample 
concentration  by  the  appropriate  above-mentioned  factor  yields  the  corres¬ 
ponding  result  In  column  0. 

Calculating  the  Height  of  a  Substance  Penetrating  the  Retained  on  Soil 

The  weight  of  a  substance  extracted  per  gram  of  soil  Is  calculated  for 
each  extraction  In  the  same  manner  as  described  above  for  waste.  The  multi¬ 
plying  factors  remain  the  same  because  the  extraction  volumes  In  Table  1 
were  adjusted  for  all  the  soil  batches  to  maintain  the  same  mil 111 iter/ gram 
as  for  the  waste. 

The  amount  penetrating  a  batch  of  waste  or  soil  becomes  the  challenge  to 
the  next  batch.  Thus,  the  ug/g  out  of  the  dj  becomes  the  ug/g  in  for  ij. 

The  weight  of  a  substance  coming  In  to  a  batch  of  soil  minus  the  weight  out 
equals  the  weight  retained  by  the  soil  during  the  extraction.  In  this  way, 
the  values  entered  In  column  0,  Table  13  are  used  to  produce  column  E.  The 
fraction  retained  by  a  soil  from  an  extract  Is  calculated  by  dividing  the 
results  In  column  E  by  the  weight  coming  In,  as  Indicated  In  column  H. 

When  ever  a  minus  sign  appears  In  the  table.  It  means  that  the  soil 
either  gave  up  some  of  that  substance  which  It  had  previously  picked  up  from 
the  waste  leachate,  or  It  gave  up  some  originally  present  In  the  soil  before 
being  exposed  to  that  waste.  If  the  original  analyzed  concentrations  were 
near  the  detection  limit,  then,  because  of  the  normal  deterioration  of  the 
precision  of  an  assay  near  Its  detection  limit,  less  significance  can  be 
assigned  to  the  corresponding  derived  values  and  to  the  appearance  of  a 
minus  sign. 

A  useful  property  of  the  fraction  retained  from  the  cumulative  total 
challenge  Is  that  when  the  soil  Is  yielding  the  elment  of  interest  and  it 
Is  desired  to  know  how  many  times  greater  the  amount  existing  Is  greater  than 
the  challenge, change  the  minus  sign  on  the  value  In  column  I  to  a  plus  and 
add  1.00.  Thus,  a  fraction  of  -8.0j  retained  from  the  total  challenge  means 
that  9.05  times  as  much  of  that  element  was  given  up  as  was  present  In  the 
total  challenge. 

The  results  of  passing  one  waste  extract  through  the  three  soil 
batches  can  be  presented  as  In  the  histogram  of  Figure  13.  The  height 
of  the  histogram  bar  labeled  W  represents  the  mass  In  micrograms  of 
a  substance  extracted  per  gram  of  waste.  This  Is  the  challenge  to 
the  first  batch  of  soil,  which  represents  the  top  layer  In  a  bed  of  soil. 

The  height  of  the  bar  labeled  I  shows  the  concentration  of  the  species 
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penetrating  the  batch  representing  the  next  layer  of  soil,  and  the  difference 
In  height  between  I  and  W  Is  the  amount  of  the  species  retained  per  gram  of 
sell. 

The  cumulative  sum  of  the  challenges  to  a  given  batch  (layer)  of  soil  Is 
obtained  by  summing  up  the  results  for  the  successive  extractions  that  have 
challenged  that  batch.  Thus,  as  seen  In  column  F  of  Table  13,  the  cuir  dative 
sum  of  the  challenge  to  soil  II2  Is  I-j  +  I?.  The  cumulative  total  ret  Ined 
can  be  calculated  In  a  similar  manner,  as  Indicated  In  column  6,  and  used  to 
determine  the  fraction  retained  from  the  total  challenges,  as  recorded  In 
column  I.  These  values  are  of  particular  Interest  In  studies  of  soil 
capacity. 

Calculating  Penetration  Factors 

The  quantity  of  a  substance  penetrating  a  batch  of  soil  divided  by 
the  amount  of  challenge  (both  found  In  column  0)  can  be  defined  as  the 
Penetration  Factor  (the  reciprocal  of  the  Attenuation  Factor),  which  Is 
found  In  coltmvt  J  of  Table  13.  This  Is  the  fraction  penetrating  the 
soil  and  It  can  also  be  viewed  as  the  decimal  percent.  Multiplying  a 
challenge  by  the  Penetration  Factor  gives  the  amount  penetrating.  If 
the  Penetration  Factor  Is  greater  than  1.0,  It  Indicates  that  the  soil 
Is  either  yielding  material  previously  held  up  during  the  passage  of 
extracts,  or  that  some  Is  being  displaced  out  of  that  originally  present 
In  the  soil. 

• 

The  penetration  factor  calculated  In  column  J  Is  for  the  corresponding 
extraction  only  and  Is  not  cumulative.  The  cumulative  penetration 
factor  can  be  obtained  by  subtracting  the  cumulative  fraction  retained, 
column  I,  from  1.00. 

na\ 

Calculating  Distribution  Coefficients 

The  chromatographic  distribution  coefficient,  K,  Is  defined  as  the 
concentration  of  a  species  In  the  solid  phase  divided  by  the  concentration 
In  the  liquid  phase.  (20)  This  distribution  ratio  (columns  K  and  M  of  Table 
13)  Is  the  slope  of  the  line  showing  the  relationship  between  the  concentra¬ 
tion  adsorbed  on  the  soli  and  the  concentration  remaining  in  the  solution. 

The  angle  of  the  slope  at  that  point  is  the  arctangent  of  K.  (The  angles 
are  tabulated  In  columns  l  and  N.)  At  low  concentrations,  the  relationship 
is  usually  linear  In  simple  systems,  but  K  typically  decreases  with  Increas¬ 
ing  amounts  of  solute,  l.e.,  as  the  sites  are  occupied  by  Increased  amounts 
of  the  substance  being  studied.  Large  K's  show  a  high  relative  retention. 
Experiments  to  determine  K  are  normally  done  at  constant  temperature  because 
K  Is  temperature-dependent  (changing  the  temperature  changes  the  position  of 
a  point  on  the  plot  showing  the  amount  of  a  species  removed  from  the  solution 
by  the  soil)  and  so  the  curves  are  called  Isotherms. 

Temperature  Is  not  the  only  parameter  which  affects  the  distribution 
between  phases.  The  pH,  the  Ionic  strength,  the  presence  of  competing  ions, 
the  previous  history  of  the  solid.  Its  current  surface  energy  and  effective 
surface  area,  in  short,  the  total  conditions  must  be  uniform  because  each  of 
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these  things  can  affect  the  distribution  ratio.  So,  Iso-conditions  are 
needed,  not  just  Iso-therm,  while  experiments  are  run  If  this  kind  of  plot  is 
to  be  obtained.  If  the  conditions  are  changed  to  some  other  level,  a  dis¬ 
tinctly  different  set  of  points  can  be  obtained.  (If  conditions  are  allowed 
to  vary  at  random,  then  randomly  located  points  can  be  expected;  if  condi¬ 
tions  are  varied  according  to  some  plan,  like  a  factorial  experiment  design, 
then  their  effect  on  the  distribution  coefficient  can  be  examined.  For  the 
results  to  apply  to  a  field  situation,  field  conditions  must  be  simulated  In 
the  experimental  array.) 

These  lines  are  called  adsorrtlon  Isotherms,  but  more  than  adsorption  can 
be  Involved  In  removing  Ions  from  solution.  Besides  dispersion  and  dipole 
forces,  hydrogen  bonds  and  weak  covalent  bonds— Including  acid-base  Inter¬ 
actions  and  complex  formation— strong  covalent  bonding  responsible  for  chem¬ 
isorption,  precipitation,  and  even  mechanical  filtration,  all  could  contrl- 
buta  to  the  removal  of  a  substance  from  solution.  So  what  Is  called  adsorp¬ 
tion  Isotherms  really  are  plots  of  removal  or  retention  In  Iso-conditions, 
that  Is,  they  are  plots  of  temporary  retention  under  a  given  set  of  conditions. 
Even  Irreversibility  Is  condition -dependent.  An  Insoluble  compound  may 
become  soluble  as  the  conditions  change,  e.g.,  as  the  extraction  progresses 
or  as  the  soil  changes. 

The  distribution  coefficient,  K,  Is  not  for  adsorption  alone,  but  for  all 
equilibria  causing  retention  or  displacement.  K  can  be  computed  on  several 
different  bases:  as  an  experiment  Is  started,  the  concentration  of  a  sub¬ 
stance  being  studied  will  probably  be  zero  In  the  solid  phase  If  a  chromato¬ 
graphic  substrate  is  being  worked  with,  but  In  soil  work,  any  compounds 
present  In  the  soil  which  contain  the  1on(s)  being  studied  are  a  potential 
source  that  can  contribute  to  Its  concentration  In  the  leachate  solution 
passing  through  the  soil.  The  waste  leachate  Is  a  potentially  powerful 
solubilizer  and  displacer  of  components  In  the  soil,  l.e.,  the  soil  can  act 
as  a  reservoir  of  Pb,  Cd,  Ti,  in,  etc,  which  the  waste  leachate  can  cause  to 
bleed  off  and  carry  on  down  to  ground-water.  A  negative  slope  to  the  reten¬ 
tion  Isotherm  shows  the  soil  Is  giving  up  the  Ion,  acting  as  a  source.  The 
waste  Is  the  c*;<se  of  this  kind  of  pollution,  but  not  the  source— the  soil  Is 
the  source. 

The  distribution  coefficient,  K,  can  be  based  on  a  unit  volume  of  solid 
adsorbent,  or  a  unit  weight,  which  Is  employed  In  this  report.  The  concentra¬ 
tion  expressed  In  microgram 'gram  soil  can  refer  to  the  number  of  micrograms 
of  Ion  removed  from  a  given  solution  challenging  the  soil,  it  can  represent 
all  that  the  soil  has  removed  from  a  series  of  solutions  (as  In  column  M  of 
Table  13),  It  can  be  a  total  which  also  Includes  all  that  was  originally 
present  In  the  soil  (Table  5)  and  therefore  potentially  available  to  the 
equilibria  (as  used  In  column  K),  or  the  total  concentration  in  the  soil  can 
Include  just  that  portion  known  to  be  soluble  in  or  displaced  by  the  solution 
challenging  It. 

The  concentration  In  the  solution  Is  usually  expressed  as  weight  per  unit 
volume,  such  as  micrograms  per  milliliter,  and  the  resulting  units  for  K  are 
mill 11 Iters  per  gram,  as  shown  in  equation  15: 
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ug/g  x  ml/ug  ■  ml/g. 


(15) 


K  * 


But,  even  though  It  Is  the  liquid  that  Is  being  analyzed.  It  Is  the  soil 
that  Is  being  studied.  The  concentration  Is  measured  as  micrograms  per 
nil 111 Iter,  but  of  more  direct  Importance  Is  the  weight  of  soil  contacted  by 
this  solution.  If  the  concentration  observed  In  the  liquid,  microprams/milll 
liter.  Is  multiplied  times  the  total  amount  of  liquid  put  on  the  soil, 
expressed  as  mil 111 Iters/gram,  Equation  16  shows  that  the  concentration  In 
the  solution  Is  obtained  In  terms  of  micrograms  per  gram  of  soil  contacted: 

ug/ml  x  ml/g  ■  ug/g  (16) 


Then,  as  seen  In  Equation  17  the  ratio,  K,  becomes  a  properly  dimensionless 
constant  as  a  result  of  employing  this  more  fundamental  relationship: 


K  - 


(17) 


As  previously  discussed,  the  conditions  for  retention  can  be  expected  to 
differ  with  soil  depth  because  each  layer  of  soil  Is  challenged  by  a  differ¬ 
ent  solution  matrix.  The  conditions  also  will  change  with  time  as  the 
leeching  of  the  waste  progresses  and  generates  a  solution  of  changing 
composition.  So  that  this  latter  effect  could  be  examined,  equations  were 
derived  ' m  calculate  the  distribution  coefficient  for  every  succeeding 
extraction  of  the  waste.  The  distribution  of  a  species  between  the  solid 
and  the  liquid- phases  will  be  the  sum  of  tt«e  amount  originally  on  the  soil 
and  the  amounts  retained  from  each  of  the  successive  waste  extracts,  all 
divided  by  the  amount  In  the  solution  leaving  that  batch  of  soil.  Thus,  the 
distribution  ratio  resulting  from  n  extracts  passing  through  soil  batch  I 
can  be  computed  by  the  following  equation: 

t  :o  *  <W1  -  hi  *  (W2  -  V  *  -  1Wn  -  1->  (18) 


*  Slope  of  adsorption  isotherm,  (19) 
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where, 


IQ  ■  concentration  of  a  species  originally  on  the  soil,  ug/g, 

I.  ■  concentration  of  the  species  In  the  tth  extract  passing  through 
x  soil  batch  I,  ug/g,  and, 

W,  *  concentration  of  the  species  In  the  ith  extract  out  of  the  waste, 

*  ug/g. 

The  concentrations  of  the  solutions  after  equilibrium  has  been  established 
(the  output  concentrations)  are  used  In  these  calculations  Instead  of  the 
starting  (the  Input)  concentrations. 

The  distribution  ratio  will  ordinarily  be  different  for  the  second 
batch  of  soil  because  It  Is  being  challenged  and  conditioned  by  a  different 
solution  —  a  solution  which  has  been  modified  by  passing  through  the  first 
batch  of  soil.  The  distribution  coefficient  for  the  second  soil  batch  can 
be  calculated  for  each  extraction  using  the  following  formula: 


1I0  »  O,  -  II,)  +  (I2  -  II2)  +  ...  (In 


(20) 


The  distribution  coefficients  for  each  extraction  passing  through  the  third 
batch  of  soil  are  calculated  In  a  similar  manner  using  the  differences  in 
concentration  between  the  second  and  third  soil  batches. 


The  experiments  generally  will  be  done  with  the  same  kind  of  soil  In 
each  batch,  so  the  concentration  of  a  species  originally  In  the  batch  of 
soil,  I  ■  II  ■  111  If  only  the  amount  of  a  species  removed  from  the 
solution  Is  to  be  considered  In  the  distribution  coefficients  being  calcu¬ 
lated,  neglecting  that  which  Is  originally  present  In  the  soil,  set  I0,  II0, 
and  III0  all  equal  to  zero. 

The  effect  of  different  soll-to-waste  ratios  can  also  be  checked  In  this 
experiment  by  calculating  distribution  coefficients  for  the  waste  extract 
challenging  the  first  two  soil  batches  and  then  all  three  batches: 
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for  a  2:1  soll-to-waste  ratio,  and 


"(WWII), 


L  +  n„ 
0  0 


+  + 


n 


i  *  1 


1/3  HI, 


(23) 


for  a  3:1  soll-to-waste  ratio. 

Th«  affect  of  changes  In  the  extract  due  to  passage  through  the  soil  also 
can  be  obtained  by  calculating: 


IIrt  *  + 

0  0 


(I i  -  III*) 

- 5 - 


K(II+III) 


(24) 


and  cowparing  It  with  the  results  from  l^+I^n  (Equation  22). 

Since  a  distribution  coefficient  Is  the  slope  of  the  retention  curve  (the 
"Isottorm")  at  the  point  represented  by  the  numerical  values  of  the  numerator 
and!  denominator  in  the  ratio,  the  angle  whose  tangent  Is  K  can  be  depicted  on 
a  graph  by  an  appropriately  oriented  line  segment.  This  seemingly  would 
allow  drawing  a  curve  of  retention  under  Iso-conditions  (an  "Isotherm").  But 
m  examination  of  the  experimental  data  In  Section  6  reveals,  as  postulated 
wnmn  designing  this  experimental  approach,  that  there  Is  a  considerable 
change  In  K  for  most  Ions  as  the  leaching  of  the  waste  progresses  and  as  the 
waste  passes  down  through  the  soil.  This  shows  that  in  the  real  field 
situation,  or  In  experiments  which  approximate  It,  constant  conditions  for 
adsorotlon  will  not  exist  during  the  presentation  of  the  challenge.  This 
means  that  the  remainder  of  the  curve  cannot  be  determined.  Only  a  family  of 
line  segments  will  be  obtained  from  the  K  values  calculated  for  each  waste 
and  soil  extract,  with  each  line  segment  representing  the  distribution  ratio 
under  a  different  set  of  conditions.  An  example  is  depicted  in  Figure  14 
using  columns  D,  G,  and  N  from  the  data  giving  the  leaching  of  cadmium  from 
zinc  secondary-refining  sludge  on  Chalmers  soil  (Table  63). 


Although  there  does  not  seem  to  be  much  value  in  plotting  adsorption 
isotherms  for  these  compler  situations.  It  is  of  Interest  to  obtain  distribu¬ 
tion  coefficients  from  valid  observations  because  they  are  employed  in  chroma¬ 
tographic  theory.  For  instance,  the  net  retention  volume,  Vn,  required  to 
elute  the  peak  of  a  given  chemical  species,  can  be  calculated  from 
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CONCENTRATION  Cd  IN  LIQUID  PHASE,  ug/g  Soil 

FIGURE  14.  SEGMENTS  OF  ADSORPTION  "ISOTHERMS"  SHOWING  THE  EFFECTS  OF  SOIL  DEPTH  (LAYERS 
EXTENT  OF  LEACHING  (EXTRACTIONS  1  TO  7)  ON  CADMIUM  DISTRIBUTION. 


Vn-  K  Vs  ,  (25) 

where  V  Is  the  volume  of  the  stationary  phas'.  (21)  If  we  can  relate  K  for 
a  g1vtn5hazardous  material  to  environmental -experimental  factors  having 
slgnlflcint  effects*  then  the  resulting  equations  may  be  usable  for  predict¬ 
ing  Its  movement  down  to  ground  water. 

A  distribution  ratio  of,  e.g.,  three,  would  be  obtained  whether  the 
concentrations  In  the  solid  and  liquid  phases  are  3/1  or  300/100.  But  what 
ultimately  determines  the  current  hazard  Is  the  concentration  existing  In  the 
liquid  phase,  and  the  distribution  ratio  does  not  directly  disclose  this. 

The  concentration  resulting  at  each  soil  depth  and  for  each  stage  of  the 
leeching  Is  given  by  the  raw  data  from  the  serial  batch  extraction  procedure. 
(This  Information  can  be  presented  In  a  table  as  In  the  example  In  Appendix 
8.) 

COMMENTS  ON  PREDICTION  EQUATIONS  {19) 

The  two  main  approaches  to  describing  a  physical  situation  In  mathemati¬ 
cal  terms  are  either  to  construct  a  model  or  to  derive  an  empirical  equation. 
Both  were  examined  to  see  which  was  likely  to  be  the  best  for  obtaining 
prediction  equations. 

Models 

The  kind  of  model  of  Interest  here  is  a  mathematical  or  at  least  a  dimen¬ 
sional  analysis  which  expresses  the  relationship  between  the  important  vari¬ 
ables  of  a  physical  system.  Although  mathematical  models  may  be  derivable  to 
describe  relatively  simple  Individual  phenomena  (1.e.»  observations  of  experi¬ 
ments  on  simple  systems,  etc),  combining  these  to  accurately  describe  a  more 
complex  system  will  be  possible  only  if  all  the  significant  phenomena  are 
known  and  If  functions,  weighting  factors,  etc,  relating  them  (which  must  be 
determined  by  observations)  are  Included  to  balance  their  relative  effects  on 
the  system's  response  to  a  variation.  Therefore,  ever  with  the  best  model  — 
one  which  Includes  all  of  the  significant  details— experimental  work  ordin¬ 
arily  will  have  to  be  done  to  measure  the  effect  of  each  factor  so  that  a 
prediction  equation  can  be  derived.  The  result  Is  an  equation  with  empiri¬ 
cally  derived  coefficients,  but  with  a  form  constructed  from  theory.  (Running 
experiments  also  commonly  provides  additional  insight  Into  the  ph  '■•'cal 
system,  enabling  revising  the  model.)  Thus,  for  a  model  to  be  u  .ful  for 
making  predictions,  the  terms  must  ordinarily  be  amenable  to  elucidation  by 
experiments  relatable  to  the  real  field  situation.  That  is,  the  experiments 
may  have  to  Include  variables  such  as  temperature,  ionir  environment,  resi¬ 
dence  time,  etc.,  at  the  levels  they  occur  in  the  field.  Experiments  there¬ 
fore  should  not  be  arbitrarily  simplified.  Holding  an  experimental  factor 
(e.g.,  concentration)  constant  can  be  the  experimental  equivalent  of  deleting 
a  variable  from  a  model  or  making  an  assumption  In  modeling.  (Conversely, 
assumptions  In  the  Initial  formulation  of  a  model  can  be  equivalent  to  running 
experiments  under  a  limited  range  of  conditions,  thus  excluding  a  range  of 
applicability  of  the  model.)  Simplifications  can  be  introduced  (assumptions 
In  theories,  approximations  In  experiments),  but  it  is  always  necessary  to 
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determine  whether  the  effects  of  these  simplifications  are  significant,  i.e., 
how  far  the  final  result  comes  from  representing  the  real  life  circumstances. 

Unfortunately,  instead  of  attempting  to  list  all  of  the  significant 
variables  and  then  carefully  working  out  the  relationship  between  them,  it  is 
a  common  practice  to  pick  a  model  developed  for  some  perhaps  related  applica¬ 
tion  and  apply  it  to  the  new  situation  without  considering  whether  the  model 
Includes  all  of  the  variables  which  have  statistically  significant  effects  in 
the  new  situation,  much  less  seeing  whether  the  functional  relationship 
between  the  variables  Is  correctly  expressed.  The  dangers  of  being  too 
arbitrary  about  the  choice  of  model  can  be  seen  from  a  simplified  example: 

An  Investigator  may  be  Interested  In  predicting  the  leachability  of  cadmium 
from  NICd  battery-production  waste  by  landfill  leachate  (the  liquid  produced 
by  the  percolation  of  water  through  municipal  refuse).  If  in  a  previous 
studly  he  developed  a  model  using  water  as  the  leaching  solvent,  and  It  is 
desired  to  apply  this  model  to  thr  results  obtained  from  experiments  in  which 
landfill  leachate  was  used,  the  simplifying  assumption  might  be  made  that 
since  both  liquids  are  aqueous,  the  other  Ions  present  in  the  landfill  leach¬ 
ate  would  not  affect  the  basic  nature  of  the  leachability  of  the  cadmium  Ion. 
In  actuality,  the  cadmium  leaching  by  landfill  leachate  Is  adequately  des¬ 
cribed  by  a  linear  equation  whereas  the  data  from  the  original  Investigation 
dictated  use  of  a  power  function  (Figures  15  and  16).  Nevertheless,  the  data 
from  the  landfill  leachate  study  would  be  forced  to  fit  the  power  function 
model  by  regression  analysis.  The  coefficients  in  the  resulting  equation, 

Y  -  14000  x"1*87  ,  (26) 

then  express  the  deviation  of  the  experimental  data  from  the  presumed  model. 
In  a  more  complex  example,  the  differences  between  the  response  surface  pre¬ 
dicted  by  the  Lapldus-Amundson  diffusion  equation  and  that  found  experiment¬ 
ally  for  the  movement  of  cadmium  through  sells  is  expressed  by  the  surface  of 
Figure  17,  which  presents  a  small  section  of  the  sum  of  squares  surface  (for 
Dispersion  Coefficient  ■  2  cir^/day)  expressing  the  difference  between  the 
experimental  data  and  the  model: 


Cone,  of  Ion 


Pore  Water  Velocity  +  K, 

4  (EHspers.  Coeff.)  Pore  Fraction 


Ka 


(27) 


These  misfits  occur  when  experimental  data  is  used  to  derive  coefficients 
for  the  wrong  model.  If  the  model  should  happen  to  describe  the  data  reason¬ 
ably  well  over  a  part  of  the  concentration  range  or  leaching  time,  and  the 
equation  yields  some  predictability,  it  probably  will  be  thought  of  as  the 
correct  model  even  though  it  is  a  hybrid,  an  incorrect  or  incomplete  model 
with  empirically-derived  coefficients.  Fortunately,  experimentally  determined 
coefficients  will  help  to  compensate  for  deficiencies  in  the  mathematical 
structure,  but  the  range  of  applicability  of  the  formulation  will  seldom  be 
known  and  Its  use  as  a  prediction  equation  can  lead  to  very  large  errors. 

When  a  complex  physical  situation  is  involved,  rather  than  attempting  to 
use  an  inadequate  model  and  inserting  empirical  coefficients,  it  may  be 
better  to  derive  empirical  equations  in  the  first  place  and  let  the  data 
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FIGURE  17 


SURFACE  SHOWING  DIFFERENCE 


between  model  and  experimental  data. 


I 
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speak  for  Itself.  A  modeler  needs  to  understand  and  define  everything  of 
significance  about  a  system  whereas  the  developer  of  an  empirical  equation 
does  not.  Eventually  It  may  be  possible  to  obtain  good  models  which  define 
the  movement  of  Ions  through  soils,  but  at  present  the  quickest  route  to 
valid  prediction  equations  Is  most  likely  through  equations  that  are  entirely 
empirically  derived. 

Empirical  Equations 

If  the  Interest  In  obtaining  equations  which  describe  a  complex  system  Is 
not  for  theoretical  purposes  but  Is  for  practical  applications  like  predict¬ 
ing  a  response  resulting  from  known  levels  of  given  variables,  then  obtaining 
purely  empirical  equations  should  be  a  more  straight-forward  approach.  But 
caution  Is  still  required  If  the  equations  are  to  describe  a  field  situation. 
Equation  parameters  should  be  derived  from  experiments  that  Include  all  of 
the  factors  having  significant  effects.  The  design  of  the  experiment  should 
be  such  that  the  scope  of  Its  applicability  and  Its  relation  to  an  actual 
field  situation  will  minimize  the  number  of  assumptions  needed  In  the  corres¬ 
ponding  prediction  equations.  This  will  Improve  the  validity  of  the  predic¬ 
tions.  for  example,  the  changes  In  K  reported  In  Section  6  show  that  the 
experiments  should  employ  an  actual  changing  waste  leachate  so  that  predic¬ 
tions  will  not  have  to  be  based  on  the  assumption  of  a  constant  composition 
or  so  that  the  nature  of  the  changes  will  not  have  to  be  assumed.  The  closer 
the  laboratory  simulation  approaches  a  field  situation,  the  fewer  additional 
assumptions  that  will  have  to  be  applied  and  the  more  reliable  the  predictions 
likely  will  be.  Rapid  experimentation  which  Is  flexible  enough  to  simulate 
each  new  field  situation  even  makes  case-by-case  experimental  determinations 
practical,  thus  reducing  to  a  minimum  the  dependence  upon  the  ability  of  an 
equatl on  to  extrapol ate . 

It  Is  our  opinion  that  mathematical  models  should  not  be  introduced  too 
soon  In  an  attempt  to  construct  an  expression  meant  to  predict  the  behavior 
of  a  complex  system.  Experimental  examination  of  the  effects  of  impressed 
variations  can  (If  the  experiments  are  suitably  designed)  take  Into  account 
the  effect  of  unidentified  (unknown)  factors.  Afterward,  In  the  application 
of  these  results,  mathematical  compensation  may  be  Introduced  to  correct  for 
those  factors  which  were  not  Included  in  the  experimental  set-up  (such  as 
upward  capillary  flow,  horizontal  spreading,  etc).  Additional  experimenta¬ 
tion  may  be  required  to  quantitate  these  effects.  The  final  description  of 
the  predictions  should  be  In  a  mathematical  framework  which  yields  output 
weight  or  concentration  In  terms  of  time,  volume,  etc.,  upon  plugging  in 
values  for  all  factors  which  differ  from  those  employed  in  the  experimental 
determinations  or  those  effects  which  otherwise  need  correction  (like  experi¬ 
ments  on  a  saturated  system  being  appliea  to  predictions  on  unsaturated). 

In  this  connection,  some  comments  are  In  order  concerning  the  nature  of 
the  proposed  graded  serial  batch  extraction  procedure: 

a.  Batch  extractions  are  considered  to  be  of  zero  dimensionality.  (23) 

The  batch  extraction  method  1_s  Independent  of  soil  dimension  in  one  sense, 
but  the  relation  employed  In  the  design  of  the  experiments  reported  here 
yields  results  expressed  per  unit  volume  of  soil,  i.e.,  in  three-dimensional 
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spaca.  In  the  application  of  these  results  to  the  field,  the  effect  of 
'fioHzontal  spreading  (how  the  space  occupied  by  the  volume  changes  with  time) 

be  taken  into  account. 

b.  Even  though  an  extraction  can  be  classified  as  static  with  respect  to 
liquid-front  movement,  the  sequential  extractions  proposed  here  simulate  a 
stepped  dynamic  situation  so  a  steady  state  need  not  be  assumed  for  predic¬ 
tion  equations  In  which  these  data  are  applied.  The  proposed  batch  extrac¬ 
tion  experiments  thus  should  provide  very  useful  Input  data  for  a  variety  of 
ttensport  motels.  (Predictions  are  better  based  on  laboratory  simulations 
than  upon  completely  mathematical  "simulations".)  Additional  soil  batches 
(l.e. •  more  than  three)  could  be  used  to  better  define  what  happens  with 
Increasing  penetration  depth  Into  the  soil. 

c.  The  serial  batch  experiments  piovlde  direct  Information  for  saturated- 
only  transport  models.  Corrections  must  be  Inserted  If  there  Is  a  signifi¬ 
cant  difference  caused  by  unsaturation.  (Comparison  between  batch  and  column 
showed  no  difference  for  most  Ions  studied.)  (2)  The  rate  of  movement  could 
also  differ  greatly  without  causing  significantly  different  adsorption  equi¬ 
libria,  l.e.,  the  K  values  may  be  sufficiently  alike  so  long  as  equilibrium 
Is  attained. 

d.  The  calculated  time  equivalencies  listed  In  Table  12  are  for  the 
Idealized  case  of  a  uniformly-packed  bed  of  soil  (similar  to  that  prepared  In 
a  column  or  for  a  lagoon  lining).  Inhomogen 1 ties  In  composition  (such  as 
steaks  of  sand  In  a  bed  of  clay)  or  fissures  produced  by,  e.g. ,  rotted  roots, 
will  not  only  greatly  Increase  the  liquid  front  velocity  In  those  zones  but 
the  resulting  channeling  can  significantly  reduce  the  effective  mass  of  soil 
contacted  by  the  waste  extract.  For  example.  If  channeling  is  bad,  70  percent 
of  the  liquid  may  leak  through  and  contact  but  a  small  fraction  of  the  soil, 
while  only  the  remaining  30  percent  of  the  waste  leachate  would  ba  available 
to  percolate  through  the  bulk  of  the  soil.  Corrections  can  be  readily 
Included  for  this  kind  of  deviation  from  ideality  If  their  relative  magni¬ 
tudes  can  be  estimated  for  the  site  of  Interest.  Another  situation  that 
would  affect  the  liquid-front  velocity  presumed  for  a  given  bed  of  soil,  one 
which  would  require  separate  flow-rate  columns  to  detect.  Is  the  case  where 
the  waste  leachate  Itself  affects  the  flow  through  the  soil,  either  by  plug¬ 
ging  the  pores  and  reducing  the  flow,  or  by  affecting  the  soil  structure  and 
drastically  Increasing  the  flow-rate  (this  was  observed  with  flue  gas  waste 

on  Davidson  soil  (24)), 

e.  It  Is  recognized  that  In  the  field  very  slow  processes  may  contribute 
to  the  net  retention  or  even  change  the  conditions  under  which  retention  is 
occurring  (like  micro-biological  modification  of  the  leachates  and/or  soils). 
The  relative  net  effect  of  the  slow  to  the  fast  processes  during  the  time  of 
contact  will  determine  their  significance.  If  slow  processes  have  a  signi¬ 
ficant  proportional  effect.  It  may  not  be  possible  to  accelerate  the  testing 
by  reducing- the  contact  time  below  the  residence  time  calculated  for  a  given 
liquid  front  velocity.  However,  It  Is  also  not  desirable  simply  to  wait  for 
equilibrium  to  be  established  If  this  requires  longer  than  the  field  residence 
time  for  a  slug  of  liquid  of  a  given  composition. 
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A  chang*  In  the  distribution  coefficient  shows  a  shift  In  the  equilibrium. 
Vb*  change  In  K  could  be  plotted  versus  pH  or  hydrogen  ion  concentration,  the 
Concentration  of  other  Ions,  or  against  the  measured  values  observed  or  cal¬ 
culated  for  the  slope, or  other  responses  of  concern  could  be  regressed 
against  the  level  of  selected  experimental  factors  to  see  If  a  simple  relation 
exists  between  a  response  and  a  factor.  (I.e.,  test  for  or  derive  a  relation¬ 
ship  between  the  measured  or  calculated  parameters  and  the  experimental 
variables.)  But,  It  Is  necessary  to  be  careful  when  drawing  conclusions  In 
this  way.  What  Is  being  done  with  the  data  to  relate  factors  (variables)  may 
be  analogous  to  classical  vary. one- factor-at-a- time  experimentation.  If  so, 
the  conclusions  can  be  very  far  off  If  Interactions  existed  between  the 
factors  being  plotted  or  examined  numerically.  The  only  sure  way  to  take 
Interaction  Into  account  Is  to  run  the  experiments  as  factorial  experiments 
and  then  derive  the  relations  between  the  statistically  significant  factors 
and  Interactions  using  regression  analysis.  The  effect  of  many  kinds  of 
variables  can  be  determined  by  relatively  small  perturbations  superimposed 
upon  the  total  simulated  field  conditions,  as  by  using  the  method  of  additions 
to  Study  the  effect  of  the  concentration  of  Ca++  or  other  Ions.  Other  factors, 
like  temperature,  surface  area,  soil  type,  etc.,  can  be  readily  Included.  A 
number  of  factors  can  be  Included  simultaneously  with  factorial  experiments. 
(Models  might  be  of  help  to  point  out  possibly- Important  factors  that  should 
be  Included  In  the  experiments,  but  mental  Imagery,  not  mathematical  formula¬ 
tions,  ultimately  provides  the  Input  for  deciding  what  variables  to  Include 
In  experiments.)  If  the  number  of  potential  factors  is  large.  It  may  be 
desirable  to  rim  screening  experiments  like  main-effect  factorial  experiments 
first,  possibly  followed  by  fractional  factorials. 

Even  with  the  best  kind  of  designs,  the  magnitude  of  the  effect  of  only 
those  factors  purposely  varied  can  be  learned  from  the  experiment,  but  some 
other  factors  may  have  an  effect  and  even  interact  with  the  experimental 
factors.  But  If  any  unidentified  factors  can  be  kept  at  the  same  levels  as 
they  occur  In  the  field  (such  as  by  using  the  same  soil  throughout  the  experi¬ 
ment  because  some  unknown  soil  properties  may  be  significant  factors),  then 
the  effect  of  the  known  factors  will  be  correctly  estimated  even  If  inter¬ 
action  does  exist  between  them  and  the  unidentified  factors. 


SECTION  6 


EVALUATION  OF  INDUSTRIAL  WASTES 


Samples  of  wastes  were  collected  from  a  single  plant  In  each  of  the 
following  Industries:  zinc-carbon  battery  manufacturing,  titanium  dioxide 
pi gMRt  production,  hydrofluoric  acid  manufacturing,  white  phosphorus  pro¬ 
duction,  zinc  secondary-refining,  and  oil  re-refining.  These  wastes  (des- 
erlbed  In  detail  In  Section  4)  were  examined  for  the  water-extractlblllty  of 
certain  Inorganic  Ions  during  a  series  of  seven  extractions  (by  usually 
redoubled  volumes).  This  corresponded  to  an  exposure  to  a  water-source,  such 
as  atmospheric  precipitation,  for  a  period  of  time  which  can  be  estimated  by 
the  relation  developed  In  Section  5,  page  37.  The  resulting  leachates  were 
then  applied,  In  sequence,  to  three  batches  (corresponding  to  three  layers) 
of.  each  of  three  different  clay  soils:  Chalmers,  Davidson,  and  Nicholson 
soil.  Analysis  of  the  solutions  for  pH,  conductivity,  and  concentrations  of 
specified  Ions  before  and  after  contact  with  the  soils  allowed  observing  the 
effect  of  a  soil  on  the  leachate,  as  well  as  seeing  how  later  changes  In  the 
leachate  affected  the  retention  of  an  element  on  a  soil.  No  attempt  was  made 
to  Investigate  the  mechanisms  responsible  for  the  soil  and  waste  leachate 
Interactions. 

These  wastes  represented  a  reasonably  wide  range  of  characteristics  for 
testing  the  graded  serial  batch  extraction  procedure  —  from  very  soluble  to 
relatively  Insoluble,  from  extremely  acidic  to  highly  basic,  and  one  was  an 
organic  waste.  These  practical  applications  provided  data  which  could  be 
presented  In  a  variety  of  ways.  The  graphs  and  tables  that  were  chosen  for 
conveying  the  test  results  are  Included  In  the  following  subsections,  each  of 
which  covers  one  of  the  wastes. 

First,  In  the  discussion  portion  of  each  subsection,  a  short  table 
presents  the  leachablllty  of  the  elements  of  Interest  In  the  waste.  (Table 
15  Is  an  example.)  The  column  labeled  Initial  Concentration  refers  to  the 
concentration  In  the  first  extract.  Next,  the  point  in  the  series  of  extrac¬ 
tions  when  the  concentration  In  the  extract  levels  off  is  identified.  The 
equivalent  leaching  time  Is  taken  from  Table  12  and  is  offered  as  a  compara¬ 
tive  Index  of  the  rate  of  leaching.  The  next  column  in  Table  15  gives  the 
total  Weight  of  the  Element  Extracted  per  gram  of  waste.  This  is  calculated 
up  through  the  extraction  prior  to  the  one  in  which  the  lower  detection  limit 
(LDL)  was  reached  or  up  through  the  seventh  extraction  if  samples  remained 
above  the  LDL.  The  last  column  In  the  table  gives  the  percentage  this  weight 
represents  of  the  total  weight  of  an  element  in  the  waste  (as  reported  in 
Section  4). 


The  bottom  portion  of  these  waste  Teachability  tables  gives  the  conduct¬ 
ance  and  pH  In  the  first  and  the  seventh  waste  extracts.  The  specific  con¬ 
ductance  was  measured  for  each  sample  because  It  Is  a  convenient  Indicator  of 
the  solubilization  of  m?  erlals  from  a  waste  or  soil.  Multiplying  the 
specific  conductance  by  J.01  yields  an  estimate  of  the  number  of  mlcroequl- 
valents  of  dissolved  solids  per  milliliter  for  many  waters  (25).  Multiplying 
the  mlcroequlvalents/mllllllter  by  the  sample  volume  gives  the  total  micro- 
equivalents  of  dissolved  Ionic  species  present  In  the  extract.  The  figure 
alven  In  the  table  Is  the  cumulative  sum  calculated  from  all  seven  extracts. 
Although  Its  accuracy  will  vary  depending  upon  the  equivalent  conductances 
of  the  mixture  of  Ions  present  In  the  solution*  this  figure  provides  an 
estimate  of  the  amount  of  waste  that  dissolved. 

For  each  element  of  Interest  a  graph  was  prepared  showing  Its  Teach¬ 
ability  from  the  waste.  (See  for  example  Figure  24.)  The  y-axls  gives  the 
concentration*  micrograms /mil 111 Iter,  of  the  element  found  In  the  extract  (be 
sure  to  note  whether  an  exponent  Is  given).  The  cumulative  volume  scale  on 
the  x-axIs  Is  accompanied  by  a  scale  giving  the  calculated  correlation  with 
time,  showing  the  equivalent  rnanber  of  years  of  exposure  to  a  source  of  water 
which  Is  moving  through  the  waste  Into  the  underlying  soil  at  a  pore  water 
velocity  of  1  x  IQ-5  cm/sec.  The  lower  detection  limit  for  the  assay  Is 
Indicated  to  the  far  right  for  guidance  In  evaluating  the  significance  of  the 
histogram  bar  height.  Above  the  histogram  bar  Is  printed  the  total  weight  of 
the  element  liberated  by  that  extraction.  This  Is  expressed  as  micrograms 
phr  gram  of  wa3te,  which  Is  equivalent  to  grams  per  metric  ton  of  2204.6 
pounds.  If  and  when  the  lower  detection  limit  Is  reached,  no  weight  Is  given 
because  the  results  In  this  region  are  undefined:  they  can  be  anywhere  In  the 
range  from  zero  to  the  weight  calculated  from  the  detection  limit. 

fach  waste  characterization  histogram  is  followed  by  a  set  of  histograms 
(one  for  each  extraction)  which  compares  the  fraction  of  that  element  retained 
from  the  waste  leachate  bv  the  three  soils  for  three  different  soll-to-waste 
ratios  (1:1,  2:1,  and  3:1).  Tha  height  of  the  histogram  bar  and  the  value 
printed  on  it  show  the  fraction  retained  from  the  cumulative  total  challenge 
up  ta  the  point  represented  by  that  extraction  (calculated  as  In  column  I, 
Table  13).  If  the  soil  gives  up  that  element,  then  the  negative  value  Is 
printed  under  the  space  corresponding  to  the  appropriate  layer  of  soil.  The 
soils  are  designated  by  the  letters  C  for  Chalmers,  D  for  Davidson,  and  N  for 
Nicholson  soil. 

For  example,  the  results  of  taking  the  leachate  from  the  sixth  extraction 
of  waste  zinc-carbon  batteries  and  challenging  the  soil  batches  that  had 
already  been  subjected  to  five  previous  extractions  of  waste  leachate  are 
given  In  the  following  portion  of  Figure  25: 
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Tht  first  bar  In  the  first  histogram  shows  that  75  percent  of  the  cadmium 
present  In  the  six  extracts  had  been  retained  by  Chalmers  soil  at  a  1:1  soil- 
to-waste  ratio.  (Table  16  shows  that  the  fraction  retained  from  this  sixth 
extraction  was  -0.22,  meaning  that  the  soil  was  starting  to  lose  previously 
held  cadmium,  although  the  cumulative  net  fraction  retained  was  still  0.75.) 
The  solution  exiting  this  first  batch  of  soil  can  be  different  from  the 
solution  that  entered  It  In  many  ways,  and  the  cadmium  concentration  was  0.80 
»»g/g  Instead  of  0.65  yg/g,  a  difference  of  0.15  yg/g.  When  this  resulting 
solution  was  placed  on  the  second  batch  of  soil,  a  total  of  71  percent  of  the 
cadmium  was  removed  by  passage  through  what  Is  now  a  2:1  soll-to-waste  ratio. 
This  means  that  the  different  sample  matrix  caused  a  loss  of  even  more  of  the 
cadmium  already  on  the  soil.  (Table  16  shows  that  the  fraction  retained  from 
the  total  challenge  to  soil  batch  II  up  through  extraction  6  Is  -0.15,  a  loss 
of  1.42  yg/g  cadmium.)  Be  aware  that  the  fractions  found  In  these  experi- 
nmits  strictly  apply  only  for  the  wastes  studied  and  for  the  concentration 
level  and  total  quantity  of  that  element  present  In  these  tests.  Extra¬ 
polation  could  lead  to  erroneous  conclusions. 

Following  the  above-mentioned  waste  characterization  curves  and  the 
summarizing  soil -retention  histogram  Is  a  series  of  tables  and  graphs  that 
detail,  for  each  kind  of  soil,  the  results  obtained  for  each  element  extracted 
from  a  waste.  A  table  of  values  calculated  from  the  batch  extraction  data  in 
the  manner  shown  In  Table  13,  page  42,  Is  presented  for  each  soil.  On  each 
pege  facing  a  table  is  a  set  of  histograms  that  give  the  weight,  microarams 
per  gram  waste  or  soil,  of  element  observed  In  the  extracts  from  the  waste 
(designated  by  histogram  bar  W)  and  from  each  batch  of  soil  (I,  II,  III)  for 
each  of  the  seven  extractions.  This  latter  histogram  thus  shows  the  amount 
of  element  penetrating  or  released  from  the  soil  as  discussed  in  Section  5. 
(Refer  to  Figure  13,  page  44,  for  the  significance  of  the  histogram  bars.) 

The  analytical  detection  limits  are  indicated  to  the  right  of  the  histogram, 
but  here  they  are  expressed  In  terms  of  micrograms  per  gram  of  waste  or  soil 
•to  be  consistent  with  the  units  on  the  histogram.  (The  liquid-to-solid  ratio 
was  kept  the  same  for  W,  I,  II,  and  III  so  that  results  could  be  expressed  as 
mlcrograms  per  gram  of  either  waste  or  soil.)  Because  the  detection  limits 
are  expressed  as  a  weight  of  element  per  weight  of  waste  or  soil,  they 
Increase  with  each  succeeding  extraction  because  increasing  volumes  of 
solution  are  used  to  extract  a  fixed  weight  of  waste  or  soil.  For  this  same 
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reason  th#  histogram  bar  height  will  Increase  as  the  extraction  proceeds, 
for  tilt  cast  when  the  output  concentration  becomes  constant,  because  a  given 
concentration  in  a  larger  volume  represents  a  greater  weight.  So  take  note 
that  these  soil  histograms  are  expressed  In  terms  of  weight  of  element  per 
Wit  weight  of  waste  or  soil.  The  corresponding  concentrations  In  micrograms 
per  milliliter  can  be  obtained  from  the  accompanying  tables. 

To  show  the  source  of  the  numerical  values  on  this  kind  of  histogram,  a 
portion  of  Figure  27  Is  given  as  an  example: 


w  i  n  m 


The  histogram  Identified  as  EXTR.  5  In  Figure  27  shows  that  the  5th  time  the 
same  sample  of  zinc-carbon  battery  was  extracted,  the  solution  from  W  contained 
6.44  «ri programs  cadmium  per  gram  of  waste.  This  solution  was  mixed  with  the 
first  batch  (I)  of  Davidson  soil.  (A  flowchart  of  the  serial  batch  extrac¬ 
tion  procedure  Is  shown  In  Figure  2  for  the  first  two  extractions.)  When  the 
solution  was  filtered.  It  contained  4.52  micrograms  cadmium  per  gram  of  soil 
contacted  by  the  solution;  the  difference  between  W  and  I  had  been  retained 
by  the  soil.  The  solution  filtered  from  soil  batch  I  was  mixed  with  soil 
batch  II  for  a  predetermined  length  of  time.  After  filtering  II,  analysis  of 
the  filtrate  showed  that  soil  batch  II  had  reduced  the  solution  concentration 
to  0.96  micrograms  cadmium  per  soil  contacted.  This  corresponds  to  the 
concentration  penetrating  a  second  layer  of  soil.  The  difference,  4.52  minus 
0.98,  or  3.54  micrograms  cadmium  per  gram,  was  retained  by  the  soil.  The 
solution  frpm  II  was  mixed  with  soil  batch  III  and  the  solution  concentration 
of  the  resulting  filtrate  was  0.35  micrograms  cadmium  per  gram,  only  slight^ 
above  the  lower  detection  l^mlt  («-LDL)  of  the  analytical  method.  Of  the 
Initial  6.44  micrograms  cadmium  per  gram  in  the  fifth  extract,  only  0.35 
micrograms  cadmium  per  gram  penetrated  (l.e.,  was  not  retained  by)  the  three 
soil  batches.  The  weights  of  waste  and  soil  were  chosen  so  that  this  corres¬ 
ponds  to  the  penetration  through  the  amount  of  soil  equivalent  to  a  3:1  soll- 
to-waste  ratio. 

Although  analytical  variations  will  be  responsible  for  some  of  the 
differences  within  sequences,  as  explained  in  Sections  1  and  5  the  progress¬ 
ing  waste  extraction  and  the  passage  of  the  resulting  solution  through  the 
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$#11  continually  changes  the  solution  environment  and  the  soil.  Thus,  what 
Kiwens  In  one  batch  Is  not  necessarily  an  Indication  of  what  to  expect  In 
th#tnext.  This  unpredictability  Is  expressed  by  the  plot  of  Isotherm  segments 
shown  In  Figure  14.  In  many  cases  a  chromographic  type  "peak"  can  be  clearly 
seen  to  move  through  soil  batches  I,  II,  and  III.  In  other  cases  the  peak 
remains  "submerged"  and  Is  dlscemable  only  as  a  wave  of  lowered  retention 
progressing  through  the  soil  as  the  extractions  are  continued.  To  simplify 
the  presentation  of  Information,  mainly  the  results  from  the  3:1  soil-to- 
waste  ratio  will  be  discussed.  This  uses  the  concentrations  exiting  soil 
bitch  III  and  the  fraction  retained  of  the  total  challenge  which  was  calcu¬ 
lated  for  the  row  designated  as  I  +  II  +  III. 

The  descriptive  terms  used  In  the  following  discussion  will  adhere  to 
the  guidelines  presented  In  Table  14.  Multiples  of  the  proposed  safe  drink¬ 
ing  water  standards  (SOWS)  (26)  or  the  safe  Irrigating  water  standard  (SIWS) 
(27)  are  used  as  a  point  of  reference  to  facilitate  describing  the  magnitude 
of  the  concentrations  of  an  element  found  In  a  sample. 


TABLE  14.  TERMS  USED  TO  DESCRIBE  THE  MAGNITUDE  OF  ELEMENT  CONCENTRATION  IN 
LEACHATES. 


Term 

Msnini 

Low 

Moderate 

Hiqh 

Level 

sows 

10  X  SOWS 

100  X  SDWS 

1000  X  SDWS 

Element 

Concentration,  uo/ml 

Be 

0.1* 

1. 

10. 

100. 

B 

0.75* 

7.5 

75. 

750. 

Cd 

0.01 

0.1 

1. 

10. 

Cr 

0.05 

0.5 

5, 

50. 

Cu 

1.00 

10. 

100. 

1000. 

F 

1.8 

18. 

180. 

1800. 

Pb 

0.05 

0.5 

5. 

50. 

Hg 

0.002 

0.02 

0.2 

2. 

N1 

0.2* 

2. 

20. 

200. 

Zn 

5.00 

50. 

500. 

5000. 

SIWS 


ZINC-CARBON  BATTERY  WASTE 

The  batteries  used  for  these  tests  were  reject,  heavy-duty  size  D  cells 
which  had  been  passed  between  rollers  before  disposal  to  crack  them  open  and 
expose  the  Interior.  Entire  cracked  batteries  were  used  so  as  not  to  further 
Increase  the  surface  area  but  this  meant  that  only  four  batteries  were  included 
In  the  sampling.  These  batteries  could  have  been  rejected  by  the  manufacturer 
because  they  contained  the  wrong  proportions  of  some  component  and  therefore 
may  not  be  representative  of  this  type  of  battery.  The  batteries  tested  were 
moderately  corroded.  A  more  advanced  state  of  corrosion  could  be  expected  to 
Increase  the  solubility  of  the  affected  materials. 
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Table  15  summarizes  the  teachability  of  the  waste  heavy-duty  zinc-carbon 
batteries.  The  percentage  extracted  was  not  calculated  for  any  of  the  elements 
except  zinc  because  the  proportions  given  In  Table  10  were  an  industry-wide 
average  and  can  differ  greatly  In  Individual  proprietary  formulations  (28). 


TABLE  15.  LEACHABILITY  OF  ZINC-CARBON  BATTERY  WASTE. 


Element 

Initial 

When  Concentration  Levels  Off 

Total  Weight 

Percentage 

Cone. 

Lig/mll 

Cone. 

(ufl/ml) 

Extr.  Extr.Vol. 
Nr.  (ml/a) 

Equlv. 

Days 

Extracted 
(ya/q  waste) 

Extracted 

Cd 

3.8 

0.08 

7 

190 

620 

29. 

— 

Pb 

0.27 

O.l(LDL) 

2 

5 

16 

0.54 

— 

Hg 

0.96 

O.Ol(LDL) 

3 

11 

36 

2.1 

-- 

Zn 

170. 

1.3 

7 

190 

620 

820. 

22. 

Measure¬ 

ment 

Initial 

Final 

Estlm.Tot.Extr. 

(u  equlv/q) 

Conduct.  ( 
I* _ 

u  mho) 

32,800 

7.8 

77. 

6.5 

1350. 

The  effect  of  the  three  soils  or  the  specific  conductance  of  the  extract 
was  nearly  Identical,  as  can  be  seen  from  Figures  18  to  23.  The  conductance 
histograms  show  that  a  high  proportion  of  the  soluble  materials  penetrated 
the  soils  at  first,  but  the  output  from  both  the  waste  and  the  soils  soon 
dropped  to  a  low  level . 

The  pH  of  the  waste  extract  dropped  from  7.6  to  6.5  during  the  course  of 
the  seven  extractions,  which  means  that  the  hydrogen  ion  concentration 
increased  1.1  orders  of  magnitude,  a  factor  of:  antilog  1.1  *  12.6.  The 
Chalmers  and  Davidson  soil  reduced  the  pH  of  the  first  extract  to  an  average 
of  6. A,  but  the  extract  from  the  second  and  third  batches  of  Nicholson  soil 
averaged  4.6.  By  the  seventh  waste  extract,  none  of  the  soils  changed  the  pH 
much. 

Cadmium 

Figure  24  and  the  data  In  Tables  16,  17,  and  18  show  that  Cadmium 
leached  from  these  batteries  to  give  a  solution  of  moderately  high  (3.8 
ug/ml)  Initial  concentration.  The  concentration  dropped  exponentially  to 
0.08  ug/ml  by  the  seventh  extraction.  The  first  extraction  removed  7.7  yg 
cadmium/gram  of  batteries;  a  total  of  28.7  yg  cadmium/gram  was  leached  out  by 
the  end  of  the  series  of  seven  extractions.  The  data  in  these  tables,  and 
the  histograms  of  Figures  26,  27,  and  28  show  that  the  cadmium  was  well 
attenuated  at  first  by  Chalmers  and  Davidson  soil  but  that  all  three  soils 
later  released  some  of  the  cadmium  (signified  by  the  minus  signs  in  the 
tables)  so  that  by  the  seventh  extraction  only  69  percent  ot  the  total  chal¬ 
lenge  was  retained  by  Chalmers,  62  percent  by  Davidson,  and  49  percent  by 
Nlcholjson  at  a  3:1  soll-to-waste  ratio.  This  is  evident  in  Figure  25,  which 
also  gives  a  comparison  of  the  three  soils  for  all  seven  extractions  at  three 
different  soll-to-waste  ratios. 


64 


tag 

Lead  was  present  In  the  battery  leachate  only  In  low  concentrations: 

0.27  ug/ml  In  the  first  extraction  and  It  dropped  to  the  detection  limit  by 
the  second  extraction.  The  cumulative  weight  extracted  was  0.54  yg/g.  (See 
Figures  29  to  33  and  Tables  19.  20,  and  21)  The  waste  extract  did  not  flush 
Significant  amounts  of  lead  off  the  soils;  the  extracts  were  In  the  region  of 
the  detection  limit  so  the  data  cannot  be  used  for  further  calculations. 

Karcury 

Mercury  was  observed  In  the  first  extraction  (Figure  34,  Tables  22,  23, 
and  24)  In  a  moderately  high  concentration  (0.96  yg/ml)  compared  to  SWDS,  but 
It  rapidly  dropped  to  the  detection  limit.  A  total  of  2.1  yg  mercury/gram 
was  extracted  In  the  first  two  extractions.  Figure  35  shows  that  Chalmers 
was  the  best  of  these  soils  for  retaining  mercury  for  this  extract.  Figures 
36,  37,  and  38  give  results  for  the  Individual  batches  (layers)  of  soil. 

21<£ 

Zinc  was  present  at  a  moderately  low  concentration  (170  yg/ml)  compared 
to  SOWS  In  the  Initial  extraction,  as  seen  from  Figure  39  and  Tables  25,  26, 
and  27.  The  concentration  dropped  rapidly  and  reached  very  low  levels  by  the 
fourth  extraction.  The  total  weight  c.f  zinc  extracted  In  the  seven  extraction 
was  820  ug/g,  which  Is  22  percent  of  the  total  available.  Figures  41,  42, 
and  43  show  the  performance  of  the  soils.  The  cumulative  fraction  retained 
graphed  In  Figure  40  show  Chalmers  and  Davidson  soils  retained  about  twice  as 
much  zinc  from  this  solution  as  did  Nicholson  soil. 

Suawarv 

In  the  leachate  obtained  by  extracting  broken  zinc-carbon  batteries  with 
water,  the  Initial  concentrations  of  cadmium,  lead,  mercury,  and  zinc  were 
low  to  moderately  high  compared  to  the  safe  drinking  water  standards.  Their 
concentrations  decreased  as  the  leaching  progressed  and  the  effluent  from  the 
soils  contair«d  very  low  concentrations,  although  Nicholson  soil  retained 
less  of  each  than  did  Chalmers  and  Davidson  soil. 
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FIGURE  21.  pH  OF  EXTRACT  FROM  ZINC-CARBON  BATTERY  WASTE  ON  DAVIDSON  SOIL 
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FIGURE  22.  CONDUCTANCE  OF  EXTRACT  FROM  ZINC-CARBON  BATTERY  WASTE  ON  NICHOLSON 
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FIGURE  23.  pH  OF  EXTRACT  FROM  ZINC-CARBON  BATTERY  WASTE  ON  NICHOLSON  SOIL. 


FIGURE  :5.  COMPARING  FRACTION  CADMIUM  RETAINED  BY  SOILS  FROM  ZINC-CARBON 
BATTERY  WASTE  LEACHATE. 
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TAHE  16.  CAOHIUM  FROM  ZINC-CARBON  BATTERY  WASTE  ON  CHALMERS  SOIL. 


EXT. 

M.  L*« 


1  U 
I 

u 

in 

mi 

WWW 

2  0 

I 

n 

m 

MI 

I*IMII 

3  I 

I 

u 

HI 

MI 

MMX! 


Ufim.  U6/S 


1  0 

.IS 

l.fel 

I 

<•01 

<.12 

1.49 

II 

.88 

.92 

-.88 

III 

.11 

1.15 

-.23 

MI 

.45 

MMU 

.22 

i  8 

.27 

4.44 

I 

.88 

2.81 

4.42 

II 

<.ll 

<.*4 

1.77 

III 

.11 

.33 

-.89 

MI 

3.11 

I+IMII 

2.14 

0 

.11 

.45 

I 

.12 

.81 

-.IS 

II 

.IS 

2.23 

-1.43 

III 

.13 

1.23 

.95 

MI 

-.79 

MMII 

-.21 

0 

.88 

7.61 

I 

.14 

3.73 

3.81 

U 

.12 

2.14 

♦  .78 

III 

.14 

S.48 

-3.44 

MI 

2.79 

MMII 

.71 

CHI. TOT. 
CMUi. 
UC/C 

OIUOT. 

IETI. 

uc/c 

FIACTIDN  3ETE, 
THIS  TOTAL 
£XH.  OHMIC, 

7.47 

7.12 

.93 

.93 

.55 

-.45 

-1.10 

-1.18 

1.19 

.6S 

.54 

.54 

3.13 

3.24 

.84 

.64 

2.S4 

2.37 

.93 

.93 

9.71 

7.97 

.42 

.82 

1.71 

'.75 

-.19 

-.43 

2.48 

1.74 

.85 

.71 

4.15 

3.41 

.37 

.74 

3.23 

2.99 

.91 

.92 

12.22 

9-85 

.75 

.81 

2.37 

-.34 

.45 

-.14 

2.71 

1.91 

.74 

.71 

4.11 

4.74 

.91 

.78 

4.17 

3.81 

.91 

.93 

14.13 

11.54 

.93 

.82 

2.49 

-1.14 

-4.49 

-.44 

3.43 

1.47 

-.25 

.44 

7.12 

5.21 

.49 

.74 

4.41 

4.13 

.34 

.84 

a. 47 

15.97 

.6? 

.78 

4. SI 

.43 

.88 

.14 

3.17 

l.S? 

-.34 

.41 

11.24 

1.38 

.94 

.81 

4.82 

6.14 

.95 

.89 

a. 13 

15.82 

-.22 

.75 

S.3I 

-.81 

-1.79 

-.15 

4.11 

2.53 

.42 

.42 

1I.S4 

7.51 

-2.41 

.71 

7.14 

5.85 

-.96 

.83 

28.74 

19.70 

.51 

.6? 

9.14 

.91 

.45 

.11 

8.13 

-.91 

-1.6? 

-.11 

14.37 

11.31 

.73 

.72 

9. 50 

6.54 

.28 

.6? 
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DISTRIBUTION  COEFFICIENTS 


IHCL  SOIL 
RATIO  DEC. 


13.94  85.91 
-.12  -7.11 
2.12  *4.71 
7.11  01.9? 
21.3?  87.32 


7.17  12.14 
-.20-11.14 
11.27  84.93 
7.17  12.14 
47.82  89.14 


14.12  84. 4S 
.72  35.85 
44.17  B8.S7 
SI. 48  88.87 
24S.3S  89.78 


111.37  89.43 
-.49-34.44 
1.89  42.11 
13.47  8S.7S 

14.44  84.13 


8.19  83.13 
4.73  78.16 
6.38  81.19 
77 .Si  89.24 
69.34  89.17 


20.41  87.1? 
-.13  -7.54 
2.34  47.81 
7.44  82.S4 
17.17  84.67 


S  .41  79.53 
.6?  34.54 
-.17  -4.28 
11.11  84.85 
4.42  77.24 


SOU  ONLY 
RATIO  DEC. 


13.13  8S.61 
-.54-28. 4S 
1.21  SI. 18 
S.43  79. S4 
13.11  8S.44 


4.75  81.S7 
-.58-31.28 

8.75  83.48 
5.42  79.91 

4S.1S  88.73 


IS. 34  84.27 
-l.48-SS.9i 
31.74  88.21 
41.88  88.43 
19I.3S  89.71 


94.21  89.41 
-1.23-51,99 
1.4S  55.48 
11.31  84.94 
11.49  84.54 


7.94  82.82 
2.4S  69.31 
4.8S  78.35 
69.18  89.17 
SS.S?  88.97 


19.78  C7.ll 
-.34-19.42 
1.97  43.11 
6  74  81.54 
13.67  85.82 


S.28  79.27 
.44  23.88 
-.17  -9.43 
18.12  64.34 
3,5?  74.45 
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TABLE  17.  CAOHIUM  FROM  ZINC-CARBON  BATTERY  WASTE  ON  DAVIDSON  SOIL. 


on. 

It.  LATQ 

MiT.rocn. 

MfT.tCTl. 
THIS  EXT. 
UC/C 

0*.  TOT. 
QMLLC. 
US/C 

CUN. TOT. 

FI4CTI0N  lETI, 

DISTIIBUTION  COEFFICIENTS 

uc/n 

UC/C 

KT8. 

US/C 

THIS 

EXT1. 

TOTAL  PENETt. 
QMLLC.  FACTOI 

INCL  SOIL 
RATIO  DEC. 

SOLN  OUT 
RATIO  DEC. 

1  U 

3.13 

7.47 

I 

II 

HI 

MI 

WWW 

til 

.41 

.M 

2.11 

.M 

.14 

5.44 

1.21 

.45 

3.43 

2.54 

7.47 

2.11 

.11 

3.13 

2.54 

S.44 
1.2J 
.45 
3.43 
2. SI 

.74 

.48 

-11 

.19 

.98 

.74 

.41 

.81 

.19 

.98 

.a 

.41 

.19 

.11 

.12 

3.54  74.23 
3.27  72.99 
13.34  85.71 
15.42  84.34 
131.48  89.54 

2.82  71.44 
1.48  55.93 
4.14  74.42 
8.44  83.24 
47.45  88.81 

2  8 

.M 

2.H 

I 

u 

III 

MI 

MMI1 

1.42 

.31 

.84 

4.4i 

.n 

.17 

-2.13 

3.94 

.74 

.54 

.42 

9.71 
4.17 

1.72 
4.15 
3.23 

2.13 

5.  IS 
1.39 
3.99 

3.13 

-1.39 

.11 

.12 

.55 

.92 

.29 

.75 

.81 

.tt 

.97 

2.39 

.19 

.18 

.45 

.M 

.88  41.34 
7.24  82.14 
14.91  84.42 
15.14  84.23 
133.34  89.57 

.52  31.18 
5.47  81.11 
8.29  83.12 
8.78  83.51 
SS.74  88.97 

2  U 

.42 

2.S2 

I 

II 

III 
UU 

MMU 

.14 

M 

.34 

.K 

.47 

2.11 

1.47 

.31 

-1.72 

1.13 

.11 

12.22 

7.72 

2.19 

4.11 

4.17 

4.51 

5.54 

-.32 

5.12 

3.24 

.44 

.45 

-3.48 

.11 

.13 

.37 

.72 

-.15 

.82 

.79 

.34 

.55 

4.48 

.19 

.87 

7.12  a. 89 
14.97  84.18 
.52  27.25 
33.94  H.31 
11.42  84.52 

S.31  79.33 
11.84  85.18 
-.15  -8.45 
21.51  87.34 
4.45  77.32 

4  V 

.IS 

1.11 

1 

II 

IU 

MI 

MMII 

<11 

,N 

.12 

<12 

i:!4 

.21 

1.49 

-,M 

.75 

.39 

.SI 

14.13 

*  u 

9  »n 

3.22 

7.12 

4.41 

4.19 

4.42 

.43 

5.41 

3.75 

.93 

n  t  k 

.73 

.43 

.84 

.44 

.37 

.13 

.77 

.81 

.87 

i.44 

.27 

.57 

.14 

43.71  89.11 
S.M  li.ii 
4.59  81.37 
14.13  84.43 
85.28  89.33 

51.42  88.89 
4.44  77.34 
1.51  S4.28 

11.43  84. S3 

39.44  88.55 

S  H 

.27 

4.44 

I 

11 

IU 

MI 

MMII 

.it 

.14 

.11 

4.S2 

.91 

.3S 

1.91 

3.54 

.43 

2.73 

2.13 

21.47 

12.34 

4.21 

11.24 

4.12 

1.11 

8.14 

1.14 

8.13 

5.77 

.31 

.78 

.44 

.85 

.95 

.41 

.44 

.25 

.79 

.85 

.71 

.22 

.34 

.IS 

.15 

2.11  44.49 
9.79  84.17 
7.13  82.12 
22.48  87.4S 
84.42  89.34 

1.79  41.84 
8.31  83.14 
3.11  71.41 
14.57  84. 55 
49.29  88.84 

4  U 

.11 

.45 

I 

II 

III 

MI 

MItUI 

<.lt 

<.ll 

.14 

<•41 

<■41 

2.14 

.17 

.11 

-1.54 

.19 

-.44 

a. 13 
12.84 

4.48 

1I.S4 

7.14 

8.28 

8.14 

-.51 

8.22 

5.31 

.27 

.11 

-3.24 

.27 

-2.11 

.39 

.44 

-.11 

.78 

.75 

.73 

1.11 

4.24 

.73 

3.11 

21.28  87.18 
21.12  87.14 
.47  25.13 
44.34  88.74 
14.24  85.98 

17.24  84.68 
17.11  84.43 
-.25-13.78 

34.25  88.33 
7.83  82.72 

7  8 

.88 

7.41 

I 

II 

HI 

MI 

MMII 

.13 

.12 

.14 

3.2S 

1.44 

5.17 

4.34 

1.4S 

-4.27 

3.11 

.58 

28.74 

14  19 
4.29 
14.37 
9.58 

12.45 

9.81 

-4.77 

11.23 

5.91 

.57 

.51 

-2.47 

.79 

.23 

.44 

.41 

-.74 

.78 

.42 

.43 

.49 

3.47 

.21 

.77 

4.34  77,12 
7.14  81.91 
- . S7-29 . 47 
17.44  84.74 
5.24  79.21 

3.89  75.41 
4.13  80.73 
-.81-39.19 
14.13  85  92 
3.12  71.45 
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TABU  18.  CADMIUM  FROM  ZINC-CARBON  BATTERY  WASTE  ON  NICHOLSON  SOIL. 


M  AHT.PEMETt.  MfT.IETt.  CUB. TOT.  CUf, TOT.  FRACTION  RETD. 

UT.  - -  THIS  EXT.  CNM1S.  tETD.  THIS  T0T»i  >n*rr» 

U6.C  UM  UC/C  oil  cL£t.  S 

1  8  3.83  7.47 


DISTRIBUTION  COEFFICIENTS 
INCL  SOIL  SOU  OBIT 
RATIO  DEC.  RATIO  DEC. 


I 

.93 

1.86 

5.84 

II 

2.H 

4.11 

-2.14 

111 

1.95 

3.71 

.29 

MI 

1.13 

MMII 

1.32 

2  I 

.M 

2.14 

I 

.61 

2.13 

.11 

II 

1.41 

4.12 

-2.78 

III 

l.lf 

3.26 

1.56 

Ml 

-1.39 

MMII 

-.41 

3  4 

.42 

2.52 

I 

.11 

1.81 

1.45 

II 

.48 

2.29 

-1.31 

III 

.32 

1.93 

.45 

MI 

.87 

MMII 

.28 

4  H 

.IS 

l.U 

I 

.26 

3.13 

-1.32 

II 

.21 

2.55 

.59 

III 

.13 

.32 

2.23 

MI 

-.37 

MMII 

.51 

S  8 

.27 

6.4*6 

I 

.11 

.24 

6.21 

11 

.88 

1.95 

-1.71 

III 

.11 

.28 

1.67 

MI 

2.24 

MMII 

2.  IS 

6  U 

.61 

.65 

I 

.28 

13.38  • 

•12.73 

II 

.82 

1.14 

12.34 

III 

.85 

2.33 

-1.28 

MI 

-.19 

MMII 

-.56 

7  U 

.18 

7.41 

I 

.13 

2.S7 

5.14 

II 

.13 

2.67 

.11 

III 

.13 

2.91 

-.44 

MI 

2.S7 

MMII 

1.57 

7.47  5.81  .74  .74 

1.84  -2.14  -1.1S  -1.15 

.2?  .17  .17 

3.83  1.83  .48  .48 

2.54  1.32  .52  ,52 


7.71  5.81  ,||  ,4| 
3.91  -4.92  -1.37  -1.24 
8.82  1,85  .32  ,21 
4.85  .44  -1.37  .19 
3.23  .91  -.41  .28 


12.22  7. 25  .57  .59 
4.97  -4.23  -1.22  -1.25 
11.21  2.38  .19  ,21 
*•11  Si  .15  .18 
4.87  l.il  .23  ,27 


14.11  S.93  -.73  .42 
8.18  -5.44  ,19  -.76 
13.75  4.53  .88  .33 
7.12  .14  -.41  .12 
4.48  1.41  .83  .34 


28.47  12.13  .94  .59 
8.34  -7.35  -7.13  -.88 
15.71  6.21  .84  .48 
18.24  2.39  .71  ,23 
4.82  3.44  ,  94  .  54 


21.13  -.61  -19.44  -.63 
21.72  4.98  .92  .23 
14,74  4.92  -1.23  .29 
11.54  2.19  -.59  .21 
7.84  3.18  -2.S6  .44 


28.74  4.44  ,44  ,i5 
24.29  5,18  .64  .21 
19.21  4.49  -.18  .23 
14.37  4.76  .48  33 
9.S8  4,67  ,42  ,49 


•24  3.38  73.54  3.12  72.21 
2.15  -.41-22.26  -.53-28.12 
•93  .21  12.17  .68  4.52 
.52  1.4?  54.78  .92  42.51 
.48  2.28  64.34  1.67  44.89 


111  3.11  72.13  2.84  76.71 

2.37  *.92-42. S5  -1.62-45.61 

M  .72  35.8$  .57  29.44 

2.37  .61  31.91  ,18  IB. 41 

1.88  2.22  45.77  .84  46.65 


•♦3  7.21  82.11  6.74  81.54 
2.22  -2.41-47.41  *2.61-49.14 
.81  1.45  55.42  1.19  51.61 
.95  1.27  51.72  .43  23.12 
.77  4.15  76.12  1.72  59.83 


1.7:;  2.55  44.12  t,B?  42,15 
.81  -2.12-43.47  -2.22-45.72 
.12  15.98  84.42  14.39  84.03 
1.48  .98  41.95  .11  6.45 
.17  29.58  98.66  15.36  84.26 


•14  S2.61  88.91  58.53  38.87 
8.13  -3.Si-74.il  -3.77-75.14 
.14  24.16  87.62  22.27  87.43 
.31  3.47  73.93  2.45  67.76 
•*4  55.53  88.97  39.39  88.55 


21.44  -.61  -.43  -J4  -2,57 

.88  5.26  79.24  4.78  78,19 

2.23  2,33  46.77  2.l2  64.76 

1.59  4.13  86.73  4. a  76.43 

3.56  5.93  86.43  4,68  75.96 


■34  1,92  62.53  1.73  59.96 
.96  2.26  66.11  2.65  64,05 
1-18  1.71  59.74  1.54  57,04 
•32  4,66  77,89  3,85  7S.4S 
•38  6,36  81.67  4.82  78.27 
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FIGURE  28.  WEIGHT  OF  CADMIUM  FROM  ZINC-CARBON  BATTERY  WASTE  ON  Ni^HuLSON 

SOIL. 
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TABU  19.  LEAD  FROM  ZINC-CARBON  BATTERY  WASTE  ON  CHALMERS  SOIL. 

AKT.P9CTI.  AMT.8ET9.  CUH.TOT.  CUM.  TOT.  ft  ACTION  RETS.  •  PISTRIBUTION  COEFFICIENTS 

QT.  - -  THIS  EXT.  CHN1C.  RETS.  THIS  TOTAL  PENET2.  INCL  SOIL  SOU  ONLY 

a.  LAta  IVH  K/S  UC/C  UC/C  UC/6  an,  CHALLC.  factor  ratio  deb.  ratio  sec. 

c— W3— — mmm —wpwww— 

IN  M  .54 

I  .27  .S3 

II  .19  .38 

III  .41  .82 

MI 

1*11*111 

2  8  <.ll  < .31 

I  .13  .39 

II  .15  .44 

HI  <.il  <.31 

1*11 

MMI1 

3  8  Cll  <.48 

I  Cll  <M 

II  .12  .71 

III  Cll  CAI 

1*11 

I*II*UI 


The  remainder  of  the  te»ble 
was  not  calculated  because 

aX  ak*  AMMkll*  1  AMAJk  A  R  41*1  A 

vm  %mtfc  picToicnwc  vi  vaim 

below  the  detection  limit. 


‘  8  .13  3  21 

I  (.11  (2.41 

II  .11  2.44 

III  (.11  (2.41 

I*II 

I+II+III 

4  8  (.11  (4.81 

I  .11  S.49 

II  <.ll  <  4.81 

III  (.11  <  4.81 

i*II 

WI+III 

7  8  .11  9. 85 

I  <11  <9.41 

II  <.il  <9.41 

III  .12  11.81 

1*12 

1*11*111 


4  8  <  .11  (1.21 

I  (.11(1.21 

II  (.11(1.21 

UI  (.11  (1.21 

1*11 

I*II*III 


.41 

.54 

.11 

.11 

.15 

.53 

.15 

.29 

-.44 

.3C 

-.44 

-1.14 

.18 

.27 

.18 

.38 

-.19 

.18 

-.19 

-.52 

-.19 

.84 

-.19 

-.31 

-.15 

.93 

.11 

-.12 

.14 

.82 

-.31 

.32 

-.17 

.42 

.11 

-.44 

.11 

.28 

-.19 

.11 

.11  .99  184.49  89.49  .11  ,58 

.29  .71  241.19  89.78  .  41  22.18 

-1.14  2.14  119.48  89.52  -.S4-28.24 

.31  .71  1139.*  4  89  94  .42  22.87 

-.52  1.52  1N1.44  89.95  -.34-18.87 


-.11  1.31  251.79  89.77  -.22-12.43 
.12  1.12  225.18  89.75  .25  1*  94 
-.37  .48  327.33  89.82  -1.I1-4S.18 
.13  1.44  899.38  89.94  .15  7'.93 
-.33  l.tl  2954.17  89.98  -.93-42.97 
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FIGURE  31.  WEIGH:  OF  LEAO  FROM  ZINC -CARBON  BATTERY  WASTE  ON  CHALMERS  SOIL. 


TABLE  20.  LEAD  FROM  ZINC-CARBON  BATTERY  HASTE  ON  DAVIDSON  SOIL 


■a 

i 

MT.fQCTI.  MfT.KTI. 

-  TUI  EXT. 

UC/1L  US/C  NG/C 

cu.m. 

emus. 

US/6 

OK. TOT. 
SETS. 
UG/C 

FICTItt!  RCT>. 
TUI  TOTAL 

exti.  emus. 

root. 

FACTS? 

DISTtUUTIOK  COEFFICIENTS 
DC.  SOIL  SOU  ONLY 

RATIO  KG.  RATIO  DEC. 

1  M 

1 

.27 

<.1S 

.54 

<.2S  .34 

.54 

.34 

.43 

.43 

.37 

771.71  w.rc 

i.7t  st.a 

U 

.14 

.a  -  a 

.a 
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-.41 

-.41 

L.41 

545.fl  ». ft 
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UI 

<.tl 

<.a  m 

.a 

.a 

.a 

.a 

.71 

771.41  If.f3 

.4i  22.a 

m 
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.a 
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.a 

.a 
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.fi  42.a 
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.a 

.a 

.11 
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.a 

4931.71  tt.ff 
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mi 
mmd 

I  •  (.11  <a 

I  (.11  <.M 
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i 
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<i.a 

u 

.u 
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uz 
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I 
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<2.a 

Ml 
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I 
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(4.U 

u 
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xa 
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(4.M 

mx 
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« 
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9.K 

I 

(.11 

(9.M 

u 
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IU 
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Ml 
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TMLE  21.  LEAD  FROM  ZINC-CARGO*  BATTERY  WASTE  ON  NICHOLSON  SOIL. 


* 

OT. 

IN.  U1Q 

«T.7B€7B.  i 

-  1 

MT.ICTI. 
mu  EXT. 
U6/6 

015.  TOT, 
CNM16. 
U6/6 

a*.  TOT. 
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1*6 

fmction  m. 

THIS  TOT*  fEJCTI. 
an.  CHN16.  FACTOR 

USTtUUTION  COEFFICIENTS 
IICL  SOIL  SOU  ONLY 

RATIO  KG.  8Ai  IQ  KG. 
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1*6 

1  M 

.27 

.54 

1 

.11 

.24 

.34 

.54 

.34 

.43 

.43 

.37 

499.71  89.89 

1.71  59.48 

11 

.33 

.14 

-.44 

.24 
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-2.21 

-2.2B 

3.2B 

151.28  89.42 

-.49-34.79 

F 

01 

<.ii 

<•24 
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.64 

.44 

.49 

.49 

.31 
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* 

MI 
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-.22 

1.22 
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-.18-14. 14 

h 

MMO 

.u 
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1.74  59.48 
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- 
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MI 
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EXTRACTION  OF  MERCURY  FROM  ZliC-CARBOM  BATTERY  WASTE 


FIGURE  35.  COMPARING  FRACTION  MERCURY  RETAINED  BY  SOILS  FROM  ZINC-CARBON 
BATTERY  WASTE  LEACHATE. 
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TAILS  22.  MEROftY  FROM  ZIRC-CAR90N  BATTERY  WASTE  OR  CHALMERS  SOIL. 


Mf.racn.  Mr.ccti. 
5fT*  -  not  or. 

ft.  am  mm.  **  ac/c 


1  0 

.14  1.72 

1 

.0  .a 

1.S7 

n 

<.tl  <.R 

.21 

m 

.14  «7 
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m 

.71 

MlHtt 

.41 

t  • 

M  .20 

I 

<.R1  <.Q 

.17 

22 

<.M  <.« 

.M 
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<.«t  ca 

M 

Ml 
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2+22*122 
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)  • 

1 

4.11  tM 

.N 

XX 

<.01  4.14 
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in 

iM  <M 

.M 

MX 

.N 

i+u+in 

.ft 

4  0 

.M  .12 

1 

.71 

-.77 

n 

<.N  <.12 

m 

<•01  <.12 

2*22 

t+tx+nx 

S  0 

<.M  4.* 

2 

4.11  4.14 

12 

4.M  4.M 
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<.0l  4.24 

Ml 
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4  0 
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I 
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12 
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m 
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m 

i+u+ni 

7  0 

<.M  4.7 7 

l 
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U 

«.ll  <;  77 

zn 
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cp.m.  qm.tvt.  nbcTiai  tn. 

QMLU.  KTO.  TWO  TUTU  POCT1. 

UBft  UE/6  Ofl.  QMU£.  FACT® 


1.72 

1.S7 

.a 

.03 

.17 

.a 

.31 

.73 

.73 

.17 

.tt 
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-1.72 

-1.72 

2.72 

.71 

.IS 

.77 
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.11 

.44 

.42 
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.M 
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1.74 

.IS 

.6 

.IS 

.a 
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.N 
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l.N 
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l.ll 
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.N 
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l.ll 

.12 
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N 
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l.ll 
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.11 
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l.ll 
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Tht  reminder  of  tb*  table 
*•*  not  calculated  because 
the  concentrations  were 
below  the  detection  llartt. 


•1571  HUTU* 

wa  son 

RATIO  KS. 


<.74  71.13 
L2.7S  IS. 52 
-.44-31.31 
71.17  11.27 
24.14  17.11 


57.73  17,11 
11.21  84.41 
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COEFFICIENTS 
SOU  OLY 
RATIO  DCS. 


4.74  70.13 
12.75  15.52 
-  44-33.31 
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-1.53-54.07 
40.13  07.14 
44.41  07.14 


28.77  00.12 
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FIGURE  36.  HEIGHT  OF  MERCURY  FROM  ZINC-CARBON  BATTERY  WASTE  ON  CHALMERS  SOIL. 
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TABLE  23.  MERCURY  FROM  ZINC-CARBON  BATTERY  WASTE  ON  DAVIOSON  SOIL 


r. 
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AHT.IET8. 
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uc/c 

CUt. TOT. 
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an.  tot. 
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1.72 

I 
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1.17 
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1.72 
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11 
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1.14 

1.17 

1.14 

HI 

.U 

.32 
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11 
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MI 
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.74 
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8 
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1 
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.11 
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MI 
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III  .17  3. IS 
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II  <.lt  <.77 
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MI 
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Ft  ACTIO*  IETD, 

THIS  TOT*.  POCTt. 
EXTI,  CHN1C.  FACTOR 

DXSTt IBUTIOM  COEFFICIENTS 
INd  SOIL  SOUl  ONLY 

RATIO  DEC.  RATIO  (EC. 

.43 

.43 

.57 

.74  37. a 

.74  37.21 

.77 

.77 

.13 

35.11  88.34 

35.11  88.34 

-7.47 

-7.47 

11.47 

-.71-42.18 

-.71-42.18 

.71 

.78 

.12 

42.33  87.18 

42.33  87.18 

.83 

.83 

.17 

4.74  78.55 

4.74  78.55 

.47 

.44 

.53 

8.71 

83.44 

8.71 

83.44 

.71 

.75 

.27 

37.51 

88.47 

37.51 

88.47 

-.51 

-5.18 

1.51 

-4.78-81.41 

-4.78-81.41 

.85 

.77 

.15 

47.73 

87.14 

47.73 

87.14 

.77 

.83 

.23 

38.51 

88.51 

38.51 

88.51 
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TMLE  24.  MERCURY  PROM  ZINC-CARBON  BATTERY  HASTE  ON  NICHOLSON  SOIL, 

MT.PKTR.  MN.KTI,  CUN.T07.  Oll,t9r.  FICTION  KT».  lISTtlNTlQN 

F*  i mb  0mA'  K1  1)01  TOTN.  PQCT1.  DCL  SOIL 

*'  WYB  ^  **  **  UW  UW  EXTI.  OMLLjg.  FCTOO  RATIO  SB. 
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mi 
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<.ll  <.M 
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-.SI  .05 

-2.11  -4.44 
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FIGURE  38.  WEIGHT  OF  MERCURY  FROM  ZINC-CARBON  BATTERY  WASTE  ON  NICHOLSON 


EXTRACTION  OF  ZINC  FROM  ZINC-CARBON  BATTERY  M'.STE. 
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FIGURE  40.  COMPARING  FRACTION  ZINC  RETAINED  BY  SOILS  FROM  ZINC-CARBON  BATTERY 
WASTE  LEACHATE. 
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t«IU  25.  ZINC  FROM  ZINC-CARBOK  BATTERY  HASTE  ON  CHALMERS  SOIL. 
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TABLE  26.  ZINC  F20H  7TAC-CAR80N  BATTERY  HASTE  ON  DAVIDSON  SOIL. 
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FIGURE  43.  WEIGHT  OF  ZINC  FROM  ZINC-CARBON  BATTERY  WASTE  ON  NICHOLSjN  SOIL. 
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TITANIUM  DIOXIDE  PIGMENT  PRODUCTION  HASTE 


The  waste  resulting  from  producing  titanium  dioxide  pigment  by  the 
chlorine  process  was  a  brown  mud.  Its  leachablllty  by  water  Is  summarized 
In  Table  28.  The  penetration  of  the  Individual  elements  through  soil  Is 
discussed  In  the  following  subsections. 


TA8LE  28.  LEACHABILITY  OF  TITANIUM  DIOXIDE  PIGMENT  PRODUCTION  HASTE 


Element 

Initial 

Cone. 

When  Concentration  Level 
Cone.  Extr.  Extr.Vol 
(ug/ml)  Nr.  (ml/o) 

Is  Off 

1.  Equlv. 
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Extracted 
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Cr 

0.04 

0.02 

5  47 

150 

0.91 

0.03 

Pb 

0.48 

0.19 

3  v 

36 

3.0 

0.01 

T1 

0.41 

0.14 

4  23 

75 

4.3 

0.01 

f 

Initial 

Final 

Estlm.Tot.Extr. 

mint _ 

(y  equlv/g) 

Conduct,  (w  mho) 

3.922 

74 

468. 

pH 

7. 

3  7.3 

-- 

As  can  be  seen  from  Figures  44  to  49 ,  the  three  soils  had  similar  effects 
on* the  pH  and  conductivity,  except  that  In  the  first  extraction,  one  to  three 
batches  of  Chalmers  and  Davidson  soils  Increased  the  average  hydrogen  ion 
concentration  by  a  factor  of  3.6  (calculated  from  anti log  (7.3  -  6.8)  ■  anti log 
0.5  ■  3.6)  while  Nicholson  soil  Increased  It  by  a  factor  of  7.9  (which  Is 
pH  7.3  »  pH  6.4  -  0.9  orders  of  magnitude). 

Chromlw 

Figure  50  and  Table  28  show  that  chromium  leached  out  cf  this  waste  at 
very  low  concentration  levels  (0.04  yg/»l),  giving  a  total  of  only  0.91  yg/g 
waste  before  the  detection  limit  was  reached.  This  corresponds  to  a  0.03 
percent  recovery  of  the  chromium  percent  In  the  waste.  Tables  29  to  31  and 
Figures  51  to  54  show  that  about  40  percent  of  the  chromium  was  retained  by 
Chalmers  soil.  20  percent  by  Davidson  and  over  70  percent  by  Nicholson  soil. 

J-J24 


Lead  leached  out  at  low  levels  (0.48  ug/ml  Initially)  and  only  3.0  yg 
lead  was  solubilized  per  aram  of  waste,  a  recovery  of  0.01  percent.  (Table  28 
and  Figure  55.)  Tables  32  to  34  and  Figures  56  to  59  show  that  although 
about  30  percent  of  the  lead  was  retained  from  the  first  extraction,  the  soil 
sections  started  to  give  up  lead.  By  the  third  extraction  Davidson  and 
Nicholson  soils  had  retained  a  net  of  only  16  percent  while  Chalmers  soil  had 
given  up  an  additional  amount  of  its  own  lead,  equivalent  to  39  percent  of 
the  challenge.  (This  Is  shown  by  the  minus  sign  under  the  histogram  In 
Figure  56  and  In  the  Fraction  Retained  Total  Challenge  column  for  extraction 
three  of  Table  32. 
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Titanium 

Titanium  Is  solubilized  from  titanium  dioxide  pigment  production  waste  at 
very  low  levels  (0.41  yg/ml  Initially),  as  shown  In  Figure  60  and  Table  28, 
such  that  0.01  percent  (4.3  wg/g)  was  removed  In  the  seven  extract-tons.  The 
soils  were  about  equally  effective  In  removing  titanium  from  the  first  extract, 
but  the  soils  start  to  give  up  titanium  and  by  the  fourth  extraction 
Nicholson  was  superior  to  the  other  two  soils.  (Tables  35  to  37  and  Figures 
<1  to  64.) 

Summery 

The  concentrations  of  chromium,  lead,  and  titanium  In  the  first  water- 
extract  of  titanium-dioxide,  pigment  production  waste  were  low  to  very  low. 

The  compounds  containing  these  metals  apparently  were  very  Insoluble,  as  only 
a  few  hundreths  of  a  percent  dissolved  during  the  entire  series  of  seven 
extractions.  The  concentrations  In  the  later  extracts  dropped  to  very  low 
and  the  soils  reduced  It  even  further:  Nicholson  soil  being  the  most  effici¬ 
ent  and  Chalmers  soli  the  least. 
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CONDUCTANCE  OF  EXTRACT  FROM  TITANIUM-DIOXIDE  PIGMENT  WASTE  ON 
CHALMERS  SOIL. 
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FIGURE  45.  pH  OF  EXTRACT  FROM  TITANIUM-DIOXIDE  PIGMENT  WASTE  ON  CHALMERS 
SOIL. 
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EXTRACTION  OF  CHROMIUM  FROM  TITANIUM-DIOXIDE  PIGMENT  HASTE. 
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FISURE  51 .  '^"S^CTIO^CHROMIUM^RETAINED  by  soils  FROM  TITANIUM. 
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TAitE  2>.  CHROMIUM  FROM  TITANIUM-DIOXIDE  PIGMENT  HASTE  ON  CHALMERS  SOIL. 
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1.71  41.44 
1.58  57.72 


1.33  53.13 
.33  18.43 

-.17  -9.44 

2.33  44.88 
1.3?  54.25 


.75  155.82  89.43  t.ll  4S.II 
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FIGURE  52.  WEIGHT  OF  CHROMIUM  FROM  TITANIUM-DIOXIDE  PIGMENT  WASTE  ON  CHALMFRS 
SOIL. 
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TABLE  30.  CHRCMIIM  FROM  TITANIIH-DIOXIOE  PIGMENT  HASTE  ON  DAVIDSON  SOIL. 
Mt.focn.  MT.icn.  an. tot.  an, tot.  fuctiom  ten. 

KT».  TWO  TOTAL 

IK/C  001.  CHIULC. 


BT. 

It.  LAYO 

UC/NL 

UC/C 

THU  07. 
UC/C 

OMlfi. 

UC/C 

1  8 

.84 

.18 

I 

.83 

.15 

.83 

.88 

U 

.93 

.15 

.88 

.15 

III 

.83 

.84 

-.81 

.(5 

MI 

.12 

.84 

MMII 

.81 

.83 

2  8 

.84 

.U 

I 

.82 

.15 

.14 

.19 

II 

.13 

.18 

-.13 

.18 

III 

.13 

.89 

-.12 

.13 

1*U 

.a 

.99 

MMU 

.81 

.94 

1  8 

.12 

.12 

I 

.a 

.18 

-.84 

.31 

II 

<.81 

<.84 

Ill 

<.81 

<.81 

MI 

MMn 

4  8 

.a 

.24 

I 

<.81 

<.12 

.55 

II 

<.81 

<.12 

TTt 

*4 

4  Wfc 

4« 

•  AW 

MI 

MMU 

5  8 

c 

.34 

I 

.82 

.34 

:  .91 

U 

.81 

.34 

III 

(.11 

T.24 

MI 

MMII 

4  8 

(,.81 

(.48 

I 

(.81 

(.48 

U 

(.81 

(.48 

III 

c*i 

(.48 

MI 

MMU 

7  8 

(.81 

(.97 

I 

<.81 

(.97 

II 

(.81 

C.97 

1U 

,(.li 

(.97 

OISTIIKTIQN  COEFFICIENTS 
FOETt.  INCL  SOIL  SOLN  ONLY 
FCTOI  RATIO  DEC.  RATIO  DEC. 


.U 

M 

-.11 

.12 

.11 


.99 

-.93 

*.« 

.n 

.it 


.13 


.37 

.»• 

*.21 


.37 

.11 

-.21 


•2S  .25 


.S7 

•.47 

-.21 

.29 

.14 


.49 

-.32 

-.21 

.32 

.19 


.43 

l.M 

1.21 

.43 

.75 


.43 

1.47 

1.21 

.71 


744.94  89.93 
744.34  19.93 
434.11  19.91 
3IS8.I3  89.98 
5733.11  89.99 


851.28  89.73 
589.17  89.89 
424.34  89.84 
2139.(8  89.97 
3822.17  89.99 


.41  31,94 

.11  .81 

-.17  -9.44 
.41  31.94 
.33  18.43 


2.M  43.43 
-.  41-21. 88 

-.28-15. S2 
.88  30.44 
.39  21,25 


*.58  .18  1.S8  212.49  89.73  .17  9.44 


MI 
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FIGURE  53.  WEIGHT  OF  CHROMIUM  FROM  TITANIUM-DIOXIDE  PIGMENT  WASTE  ON 
DAVIDSON  SOIL. 
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TABU 

EXT. 

m.  urn 


1  V 
I 

n 

in 

!♦!! 

mmu 

2  V 

I 

n 

m 

mi 

(♦turn 

3  I 

I 

II 

IU 

mi 

mmii 


31.  CHROMIUM  FROM  TITANIU1-DI0XIDE  PIGMENT  WASTE  ON  NICHOLSON  SOIL. 

WT.rotTI.  *T.KT».  WN.TOT,  CWJOT.  FRACTION  IETD.  BISTtllUTIW  COEFrlCIEN 

usm.  UC/C  2/C  *21  ™8  TBTM-  SOIL  SOU  ON 

IW  UC/C  UC/C  Em.  QMLLC.  FACTOR  RATIO  dfc  B*rrn 


BlSTtllUTIift  COEFFICIENTS 
INOL  SOIL  SOU  OHLT 

ratio  dec.  ratio  dec. 


.24  .N 

.12  .14 

.12  .13 

<.11  <.12 


.M  .11 

.12  .IS 
.12  .IS 

<.ii  <.w 


.0  .12 
<.C1  <.M 
<.li  <.14 
.12  .If 


.SI 

.SI 

.51 

817.83  87.73 

•2S 

.25 

.75 

1187.44  87.95 

.33 

.33 

.47 

1434.14  87.74 

•43 

.43 

.31 

4351.11  17.77 

.75 

.75 

.25 

147IS.77  9t.ll 

.57 

.54 

.43 

721.29  89.92 

.M 

.12 

i.H 

726.27  87.72 

.33 

.13 

.47 

1N7.74  87.75 

.S7 

.57 

.43 

2784.73  87.78 

.71 

.73 

.27 

7884.48  87,77 

l.M  4S.II 

.33  18.43 
•SI  2A.S7 
1.47  Sf .14 
3. It  71.S7 


2.22  45.77 
.22  12.53 
.83  3f.81 
2.44  47.75 
4. Si  77.47 


>  i  .e  .24 
I  .12  .24 

U  <.8l  <.12 

HI  <.li  <.12 

!♦!! 

MMU 


S  I 

l 

II 

UI 

MI 

UUtUI 

b  N 
I 

II 

III 
MI 

MMII 

8 

I 

II 

III 
MI 

MMU 


.tt  .38 

<.81  <.24 

<.ll  <.24 
<.ll  <.24 


<.M  <.48 

.12  .73 

(.11  (.41 

Cll  (.41 


(.11  (.77 
(.It  (.77 
(.11  (.77 
(.11  (.77 
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FIGURE  54.  WEIGHT  OF  CHROMIUM  FROM  TITANIUM-DIOXIDE  PIGMENT  WASTE  ON 
NICHOLSON  SOIL. 
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TABLE  32.  LEAC  FROM  TITANIUM-DIOXIDE  PIGMENT  HASTE  ON  CHALMERS  SOIL. 


EXT. 

ML  LAYER 

MT.PENETI. 

AHT.tETD. 
THIS  EXT. 
86/6 

C8H. TOT. 
0*816. 
UC/C 

cun. TOT. 

808. 

UC/C 

FICTION  RETD. 

THIS  TOTAL  PENETR. 
an.  CHALL6.  FACTOR 

DISniBUTION  COEFFICIENTS 

I NO.  SOIL  SOU  ONLY 
RATIC  DEC.  RATIO  DEC.' 

U6/N. 

uc/c 

1  8 

.48 

.96 

I 

.51 

1.12 

-.16 

.96 

-.96 

-.17 

-.87 

1.67 

96.25  89.41 

-.66  -3.51 

11 

.37 

.77 

•S 

1.82 

.2S 

.25 

.25 

.75 

127.95  89.55 

.33  18.(1 

in 

.36 

.72 

.15 

.77 

.15 

.86 

.86 

.94 

136.46  89.58 

.17  3.93 

MI 

.89 

.48 

.19 

.21 

.28 

.88 

518.76  89.89 

.24  13.71 

I+iMII 

.18 

.32 

.88 

.25 

.25 

.75 

1227.87  89.95 

.33  18.23 

2  8 

.31 

.72 

I 

.41 

1.43 

-.51 

1.88 

-.57 

-.55 

-.38 

1.55 

68.66  89.17 

-.41-21.64 

n 

1.33 

.89 

2.45 

.34 

.86 

.14 

.94 

74.11  89.23 

.26  14.45 

hi 

•43 

1.27 

.84 

2.11 

.89 

.93 

.94 

.97 

76.26  89.25 

.17  4.81 

MI 

-.21 

.74 

-.11 

-.44 

-.12 

1.44 

295.24  89.81 

-.17  -9.47 

MMU 

-.12 

.63 

-.84 

-.48 

-.87 

1.48 

685.64  89.92 

-.16  -5.82 

3  8 

.17 

1.14 

I 

.16 

.79 

.16 

3.83 

-.41 

.14 

-.13 

.86 

99.33  89.42 

-.41-22.48 

n 

•33 

1.76 

-.97 

3.44 

-.63 

-.99 

-.18 

1.99 

49.98  88.85 

-.32-17.83 

M 

.37 

2.29 

-.24 

4.97 

-.15 

-.12 

-.84 

1.12 

44.66  88.72 

-.17  -3.91 

Ml 

-.41 

1.51 

-.52 

-.71 

-.34 

1.71 

288.36  89.71 

-.53-27.91 

I+1MII 

-.35 

1.81 

-.48 

-.92 

-.39 

1.92 

411.98  89.86 

-.54-28.38 

4  8  <.18  <1.21 

I  .22  2.65 

II  .21  2.38 

IIS  si7  ?  .<• 

Ml 

I+IMII 


S  8  <.ll  <2.48 
I  .1?  4.57 

II  <.ll  <2.41 

III  .11  2.73 

MI 

1+IMI1 


The  remainder  of  the  table 
was  not  calculated  because 
of  the  occurrence  of  values 
below  the  detection  limit. 


6  8  <.ll  <4.84 

I  .11  5.22 

II  .16  7.45 

III  .13  6.21 

MI 

I+1MII 


7  8  (.11  (9,61 

I  (.11  (9.61 

II  (.11  (9.61 

III  (.11  (9.61 

MI 

MMI1 
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FIGURE  57.  WEIGHT  OF  LEAD  FROM  TITANIUM-DIOXIDE  PIGMENT  WASTE  ON  CHALMERS 
SOIL. 


TABLE  33.  LEAD  FROM  TITANIUM-DIOXIDE  PIGMENT  WASTE  ON  DAVIDSON  SOIL. 


tffT.KNETI.  WIT. RETD. 


EXT. 

ML  LAYER 

ISffl. 

uc/c 

THIS  EX! 
uc/c 

i  U 

.48 

.96 

I 

.S3 

1.(7 

-.11 

11 

.39 

.77 

.29 

III 

.32 

.65 

.13 

MI 

.19 

MMII 

.18 

2  8 

.31 

.92 

I 

.37 

t.il 

-.19 

U 

.28 

.83 

.28 

III 

.29 

.88 

-.15 

MI 

.IS 

MMII 

.11 

3  V 

.19 

1.14 

* 

I 

.27 

1.59 

-.45 

11 

.29 

1.71 

-.42 

III 

.17 

1.83 

.69 

MI 

-.28 

MMII 

.84 

4  « 

<.18  <1.21 

1 

.19 

2.24 

11 

.14 

1.67 

IQ 

.21 

2.4S 

MI 

MMII 


cun. tot. 

CHALLC. 

UC/C 

am. tot. 

SETS. 

uc/c 

FRACTION  RETD. 
THIS  TOTAL 
QT1.  CHALLC. 

.96 

-.11 

-.11 

-.11 

1.17 

.29 

.27 

.<27 

.77 

.13 

.17 

.17 

.48 

.19 

.19 

.19 

.32 

.11 

.33 

.33 

1.88 

-.29 

-.21 

-.16 

2.18 

.SB 

.26 

.26 

1.61 

.18 

-.16 

.IS 

.94 

.14 

.11 

.15 

.63 

.12 

.IS 

.19 

3.13 

-.74 

-.39 

-.25 

3.77 

.44 

-.17 

.12 

3.32 

.76 

.41 

.23 

i.Si 

-.14 

-.51 

-.11 

i.il 

.16 

.11 

.16 

DISTRIBUTION  COEFFICIENTS 
PQCTR.  IMX  SOIL  SOU  ONLY 
FtfTQI  RATIO  DEC.  RATIO  DEC. 


1.11 

144.47  89.61 

-.11  -5.64 

.73 

199.37  89.71 

.38  21.63 

.83 

238.75  89.74 

.21  11.24 

.81 

796.22  89.93 

.24  13.52 

.67 

2147.43  89.97 

.49  25.97 

1.21 

*38.17  89.S9 

-.26-14.83 

.74 

186.74  89.69 

.71  34.83 

1.16 

175.38  89.67 

.19  S.82 

.91 

744.58  89.92 

.34  18.78 

.95 

1S77.31  89.96 

.41  22.21 

1.39 

96.19  89.41 

-.47-25.83 

1.17 

91.11  89.36 

.27  14.92 

.61 

1SI.64  89.62 

.74  34.63 

1.58 

359.19  89.84 

-.17  -9.S4 

98 

1349.51  89.96 

.46  24. IS 

I 


5  V  <'11  <2.41 

I  .22  5.35 

II  .21  4.83 

UI  .18  4.38 

MI 

MMII 


*  »  <.ll  <4.11 

I  <.ll  <4.88 

II  .14  A.88 

III  .11  4.96 

MI 

MMII 

7  H  <.11  <9.M 

I  .14  13.19 

II  .21  18.74 

III  <.H  <9.64 

MI 

MMII 
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FIGURE  58.  WEIGHT  OF  LEAD  FROM  TITANIUM -DIOXIDE  PIGMENT  WASTE  ON  DAVIDSON 


TABU  34.  LEAD  FROM  TITANIUM-DIOXIDE  PIGMENT  WASTE  ON  NICHOLSON  SOIL 


or. 

a.  util 

fwr.pam.  ant.iot. 

-  THIS  EXT. 

U6/I1  UC/C  US/6 

QJH.  TOT. 
CHALLC. 
U6/6 

CUN. TOT. 

tm. 

US/C 

t  i 

.% 

i 

.SI 

l.n 

-.14 

.74 

-.14 

u 

.47 

.fS 

.14 

l.ll 

.14 

nx 

.32 

.44 

.31 

.fS 

.31 

mi 

.11 

.48 

.11 

mmh 

.11 

.32 

.11 

i  « 

.a 

.92 

i 

.17 

l.U 

-.1? 

i.n 

-.a 

u 

.a 

.9? 

.12 

2.12 

.a 

iii 

.a 

.41 

.a 

1.91 

.41 

MI 

-.u 

.94 

-.a 

MMII 

.a 

.a 

.19 

if  1 

.t» 

1.14 

I 

.27 

1.4S 

-.a 

3.13 

-.74 

II 

.a 

i.n 

-.1* 

3.74 

.M 

III 

.a 

1.21 

.42 

3.74 

i.a 

MI 

-.34 

l.Si 

-.a 

MMII 

-.12 

1.11 

.17 

4  1 

<.tl  <1.21 

I 

.a 

2.7S 

II 

.a 

2.41 

III 

.is 

1.7? 

*»•» 

«tu 

MMII 

S  1 

<.tl  <2.41 

I 

<.il 

<2.41 

n 

.1* 

1.73 

in 

.IS 

1.42 

Ml 

MMII 

4  1 

<.!• 

<4.N 

I 

<.ia 

<4.M 

II 

.14 

4.S? 

in 

<.!• 

<4.M 

MI 

MMII 

7  8 

<  .11  <  9.M 

I 

.IS 

14.21 

II 

.13 

12.13 

m 

.U 

11.41 

MI 

MMII 


FIACT10N  KETl. 

THIS  TOTAL  POCTt. 
EXT1.  CHALLC.  FACTOR 

DISTRIBUTION  COEFFICIENTS 
INCL  SOIL  SOU  ONLY 

RATIO  DEC.  RATIO  DEC 

-.14 

-.14 

1.14 

99.31  89.42 

-.14  -2.43 

.14 

.14 

.94 

1IS.3I  89.44 

.14  3.39 

.a 

.a 

.47 

1S4.4I  89. a 

.48  2S.72 

.n 

.ii 

.99 

421.94  89.84 

.11  .82 

.a 

.a 

.47 

1463.79  89.94 

.SI  24.71 

-.21 

-.12 

1.21 

89.27 

89.34 

-.a- 

•11.81 

.11 

.19 

.89 

1II.9S 

89.43 

.18 

11.37 

.31 

.a 

.49 

144.43 

89.41 

.91 

41.87 

-.17 

-.13 

1.17 

443.13 

89.84 

-.IS 

-3.11 

.a 

.a 

.74 

1312.44 

89.94 

.82 

39. a 

-.44 

-.24 

1.44 

S9.9S 

19.14 

-.45-24.18 

-.11 

.11 

1.11 

54.48 

68.9S 

.11  .IS 

.34 

.a 

.44 

83.43 

89.31 

1.12  4S.SS 

-.41 

-.24 

1.41 

217. SI 

89.74 

-.4l-a.91 

-.14 

.14 

1.14 

742.14 

89.92 

.41  22.3S 
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FIGURE  59.  WEIGHT  OF  LEAD  FROM  TITANIUM-DIOXIDE  PIGMENT  WASTE  ON  NICHOLSON 
S' 


A 


EXTRACTION  OF  TITANIUM  FROM  TITANIUM-DIOXIDE  PIGMENT  WASTE. 


TMU  35.  TITANIUM  FROM  TITANIUM-DIOXIDE  P 

MIT.WCn.  MT.KTf.  CW.TUT.  OJN.TDT. 


i.  um  ue/sl  ut/s  ue/s 


i  8 
I 

u 

ni 

MI 

MMU 

!  V 

1 

u 

m 

IH1 

MMU 

I  N 

I 

u 

in 

MI 

MMU 

V 

I 

n 

m 

MI 

MMU 


.31  .M 
.21  .tt 
.33  !.#• 


.14  .ft 
.12  .73 
.23  1.34 
.21  1.21 


.14  l.ft 
.1*  2.24 
.14  1.44 
.12  1.45 


HASTE  ON  CHALMERS  SOIL. 


IKCL  SOIL  SOU  ONLY 
UO  DCS.  RATIO  SEE. 


.82 

.18 

.22 

.22 

.78 

143.73  89.65 

.29  IS. 95 

.44 

-.18 

-.29 

-.29 

1.29 

124.98  89.55 

-.22-12.53 

.K 

.34 

.44 

.44 

.S4 

229.42  89.75 

.88  38.64 

.41 

.11 

.88 

.88 

1.88 

518.58  89.89 

.84  .88 

.27 

.12 

.44 

.44 

.54 

2848.21  89.97 

.88  38.66 

1.47 

.89 

-.11 

.85 

1.11 

118.82  89.48 

.18  5. S3 

l.SI 

.14 

.34 

.89 

.44 

147.65  89.44 

.22  12.38 

1.44 

-.12 

-.41 

-.81 

1.41 

184.88  89.45 

-.82  -.87 

.13 

.11 

.27 

.14 

.73 

671.89  89.91 

.37  21.11 

•S4 

.17 

-.18 

.13 

1.18 

934.31  89,94 

.21  11.98 

2.44 

.33 

.2S 

.13 

.7S 

143.47  89,68 

.4*  24.62 

2.38 

-.58 

-.87 

-.22 

1.87 

75.91  89.25 

-.37-28.14 

2.88 

.14 

.11 

.85 

.89 

85.92  89.33 

.11  6.42 

1.32 

-.88 

-.41 

-.84 

1.41 

384.97  89.81 

-.12  -6.97 

.81 

-.81 

-.25 

-.81 

1.25 

772.25  89.93 

-.83  -1.43 

4.33 

-.21 

-.32 

-.*5 

1.32 

44.29  88.76 

-.89  -5.48 

4.SS 

.11 

.27 

.82 

.73 

43.63  89.18 

.84  3.71 

4.44 

.32 

.11 

.87 

.89 

71.73  89.28 

.22  12.34 

2.17 

-.85 

.84 

-.12 

.96 

254.18  89.77 

-.86  -3.71 

1.44 

.87 

.14 

.15 

.84 

643  71  89.91 

.15  8.38 

S  V  c.lt  <2.42 

I  .22  s.a 

U  <.ll  <2.42 

UI  .11  2.47 

MI 
MMU 


4  U  <.ll  <4.95 

I  <  .11  ti.is 

U  .21  9.71 

III  .17  8.24 

MI 
MMU 


7  8  <.ll  <9.71 

l  <.18  <9.71 

II  <.18  <9.78 

III  <.ii  <9.78 

MI 

MMU 
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TABU  36.  TITANIUM  FROM  TITANIUM-DIOXIDE  PIGMENT  WASTE  ON  DAVIDSON  SOIL. 

tfT.rasn.  MT.tCTl.  OM. TOT.  CUN. TOT.  FRACTION  tETP,  BISTRMJTIQH  CQgTICIENTS 

or.  -  thu  cn.  chrux.  ret*.  this  total  pocti.  ucl  soil  sow  only 

Ml.  UYO  UB/N.  HS/C  US/6  US/S  UG/6  EXTI.  CHAUS-  FACTOR  RATIO  DCS.  RATIO  DEC. 


1  M 

.41 

M 

I 

.8 

.45 

.17 

.8 

.17 

U 

.8 

.44 

.15 

.8 

.15 

m 

.57 

-.17 

.44 

-.17 

MI 

.14 

.41 

.14 

mmii 

.8 

.27 

It 

t  H 

. 9 

.8 

I 

M 

.a 

.8 

1.47 

.14 

II 

.9 

.14 

-.8 

1.48 

.12 

IU 

.8 

.41 

.11 

1.8 

.11 

Ml 

-.11 

.8 

.15 

MMII 

.14 

.54 

.14 

3  I 

.14 

.ft 

I 

.a 

1.8 

-.34 

2.44 

-.11 

U 

.a 

1.24 

.14 

2.8 

.8 

III 

.12 

.71 

.8 

2.41 

.44 

MI 

-.14 

1.8 

.92 

MMII 

.14 

.8 

.8 

4  « 

.14 

1.71 

I 

.14 

i.N 

-.11 

4.8 

-.8 

II 

.a 

1.8 

.8 

4.44 

.8 

IU 

.u 

2.18 

-.41 

4.11 

.8 

MI 

.14 

2.17 

.8 

MMII 

-.14 

1.44 

.17 

5  H 

<.ii 

<2.42 

I 

,i» 

4.41 

U 

4.24 

III 

.17 

4.N 

Ml 

MMII 

4  U 

<.11 

<4.8 

I 

<.il 

<4.8 

II 

.13 

4.14 

III 

.14 

4,74 

MX 

MMII 

7  tf  <.18  <4.78 

I  .U  12.41 

II  .11  11.47 

III  <.!•  <4.78 

MI 

MMII 


.21 

.21 

.74 

2123.78 

84.47 

,27 

14.88 

.23 

.23 

.77 

2443.24 

84.48 

.31 

17.12 

-.14 

-.14 

1.14 

2312.44 

84.48 

-.12 

-7.13 

.41 

.41 

.41 

11572.44 

84.44 

.45 

33. IS 

.31 

.31 

.44 

21813.74 

41.11 

.45 

24.14 

.12 

.11 

.48 

1S44.48  84.44 

.22  12.44 

-.84 

.N 

l.H 

1514.82  84.44 

.14  7.44 

.21 

.18 

.74 

1418.75  84.47 

.14  4.24 

-.92 

.18 

1.82 

4154.17  84.44 

.34  14.43 

.29 

.2 

.84 

17247.44  41.11 

.41  31.58 

-.8 

-.17 

1.8 

488.47  84.44 

-.13  -7.55 

.87 

.» 

.43 

1153.14  84.4S 

.17  4.44 

.44 

.2 

.54 

1877.83  84.47 

.94  43.24 

-.a 

.11 

i.a 

4211.57  84.44 

.13  1.43 

.a 

.2k 

.72 

14842.94  41.11 

.44  44.74 

-.11 

-.18 

1.11 

494.17  84.42 

-.14-11.81 

.14 

.11 

.84 

831.44  84.43 

.33  18.11 

-.8 

.11 

1.8 

544.58  84.41 

.12 

1.8 

.17 

.14 

.43 

3321.74  89.48 

.it 

5.47 

-.a 

.2 

1.24 

5344.13  84.44 

.04 

5.42 
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FIGURE  63.  WEIGHT  OF  TITANIUM  FROM  TITANIUM-DIOXIDE  PIGMENT  WASTE  ON 
DAVIDSON  SOIL. 
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37.  TITANIUM  FROM  TITANIUM-DIOXIDE  PIGMENT  WASTE  ON  NICHOLSON  SOIL. 


MST.PQCTI.  AHT.RETl, 

CUN. TOT. 
CNM1C. 
UC/C 

CUN. TOT. 
IE1). 
UK/C 

aKTIOM  *etb. 

PQfEfR . 
FACTOR 

DISTRIBUTION  COEFFICIENTS 

uk/nl 

-  THIS  EXT. 

X/C  UC/C 

THIS 

EXTR. 

TOTAL 

CHALLG. 

I NCI  SOIL 
RATIO  DEG. 

SOU  ONLY 
RATIO  DEG. 

.41 

.82 

.33 

.47  .15 

.82 

.IS 

.1 

.19 

.81 

177.24  89.63 

.23  12.81 

.29 

.SI  .19 

.47 

.19 

.14 

.14 

.86 

215.13  89.72 

.it  8.97 

•23 

. 45  . 12 

.58 

.12 

.a 

.a 

.79 

2S9.89  89.78 

.27  14.93 

.12 

■  41 

.12 

.31 

.31 

.71 

821.29  89.93 

.42  2 2,83 

.12 

.27 

.12 

.44 

.44 

.56 

2337.43  89.98 

.8i  38.66 

.21 

.IS 

.25 

.76  .19 

1.67 

.24 

.11 

.15 

.89 

156.il  89.63 

.32  17.74 

.1? 

.58  .18 

1.42 

.27 

.24 

.19 

.76 

215.44  89.72 

.47  2S.3S 

•17 

.52  .14 

i.is 

.16 

.11 

.16 

.89 

229.43  89.75 

.3$  19.44 

As 

.83 

.26 

.32 

.31 

.68 

821.77  89.93 

.89  41.82 

.11 

.54 

.23 

.39 

.42 

.61 

2163.19  39.97 

1.35  53.53 

.16 

.97 

.IS 

.88  .19 

2.44 

.33 

.19 

.13 

.91 

134.67  89.57 

.38  29.77 

•S 

1*4®  -.41 

2.31 

-.33 

-.69 

-.14 

1.69 

79.2S  89.28 

-.2- 12.65 

•  Ml 

1.14  *42 

2.44 

.61 

.29 

.a 

.71 

111.84  89.49 

.57  29.74 

•.24 

1.32 

.11 

-.S3 

.11 

1.53 

317.91  89.82 

.11  .11 

-•13 

.88 

.21 

-.19 

.a 

1.19 

1111.99  89.94 

57  29.74 

.14 

1.74 

.17 

2.11  -.31 

4.33 

.13 

-.18 

.n 

1.18 

59.12  89.13 

.12  .87 

.IS 

1.82  .18 

4.31 

-.IS 

.19 

-.M 

.91 

64.82  89.12 

-.18  -4.76 

.12 

1.39  .42 

4.4$ 

1.13 

.23 

.a 

.77 

8S.4I  89.33 

.74  36,47 

-.14 

2.17 

-.16 

-.07 

-.13 

1.17 

259.56  89.78 

-.07  -3.81 

.11 

1.44 

.31 

.18 

.21 

.82 

762.61  89.92 

.65  33.11 

<.1S  <2.42 
011  <2.42 
.IV  4.48 
011  <2.42 


4  8  011  <4.85 

I  .12  5.58 

II  .16  7.51 

ill  .11  5.19 

MI 
MMII 


7  U  <.u  <f,7t 
I  .15  14.16 

II  .16  15.51 

III  .12  il.64 

MI 

MMII 
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FIGURE  64-  WEIGHT  OF  TITANIUM  FROM  TITANIUM-DIOXIDE  PIGMENT  WASTE  ON 
NICHOLSON  SOIL. 


HYDROFLUORIC  ACID  PRODUCTION  WASTE 


Producing  hydrofluoric  acid  by  treating  fluorspar  with  concentrated 
sulfuric  acid  yields  a  strongly  acid  waste.  Normally  this  residue  is  neutra¬ 
lized  before  disposal.  However,  the  unneutrallzed  waste  was  employed  in  this 
work  so  as  to  study  the  effect  of  a  strongly  acidic  waste  upon  these  soils. 
The  measurements  listed  In  Table  38  show  that  some  components  readily  dis¬ 
solved  to  give  a  solution  of  quite  low  pH.  Figures  66,  68,  and  70  show  that 
passing  this  extract  through  the  soils  reduced  the  hydrogen  Ion  concentration 
by  about  two  orders  of  magnitude  In  the  last  several  extractions.  Figures 
65,  67,  and  69  show  that  the  materials  dissolved  In  the  extract  are  removed 
to  a  large  extent  by  passage  through  any  of  the  three  soils. 

TABLE  38.  LEACHABILITY  OF  HYDROFLUORIC  ACID  PRODUCTION  WASTE 


Element  Initial  When  Concentration  Levels  Off  Total  Weight  Percentage 

Cone.  tone.  Extr.  Extr.Vol.  Equlv.  Extracted  Extracted 

_  (ug/ml)  (ug/ml)  Nr.  (ml/g)  Days  (ug/g  waste) _ 


F  970. 

2.4 

7  190 

620 

2,760.  56. 

Measure¬ 

ment 

Initial 

Final  . 

Estlm.Tot.Extr. 

(u  equlv/q) 

Conduct. (u  mho) 
pH 

33,300. 

2.2 

1786. 

3.7 

4480. 

Fluorine 


The  concentration  of  fluoride  Ions  was  high  In  the  first  extract  (970 
ug/ml),  dropped  1.6  orders  of  magnitude  by  the  second  extraction,  and  then 
leveled  off  to  a  concentration  of  2.4  ug/ml  In  the  seventh  extract  (Figure 
71).  A  total  of  2,760  ug  fluorine  was  extracted  per  gram,  which  represents 
56  percent  of  that  available  In  the  waste  sample. 

The  data  In  Tables  39,  40,  and  41  and  presented  In  Figures  72  to  75  show 
that  all  three  soils  are  Initially  very  good  3t  retaining  fluoride  Ions  from 
this  extract,  and  allow  only  one  to  three  percent  to  penetrate.  However,  the 
column  of  data  giving  the  fraction  retained  from  the  solution  for  each  extrac¬ 
tion  shows  a  consistent  loss  of  fluorides  from  all  three  soils  beginning  with 
the  fourth  extraction.  By  the  seventh  extraction,  the  cumulative  retention 
of  Chalmers  soil  dropped  to  59  percent  and  Nicholson  to  54  percent,  while 
Davidson  soil  was  able  to  retain  72  percent  of  the  total  fluorine-containing 
challenge. 
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The  uneutrallzed  sample  of  hydrofluoric  acid  production  waste  yielded 
highly  acidic  extracts  containing  large  concentrations  of  fluoride  Ion.  By 
the  completion  of  the  seventh  extraction,  56  percent  of  the  available  fluorine 
had  been  leached  out  of  the  waste.  The  soils  were  Initially  very  efficient 
in  removing  the  fluoride  Ions  but  In  the  later  stages  of  the  exposure  to  this 
leachate,  the  soils  were  giving  up  substantial  amounts  of  fluoride  previously 
retained  from  the  solution. 


wini 


FIGURE  66.  pn  OF  EXTRACT  FROM  HYDROFLUORIC  ACID  WASTE  ON  CHALMERS  SOIL. 
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TABLE  39.  FLUORINE  FROH  HYDROFLUORIC  ACID  PRODUCTION  WASTE  ON  CHALMERS  SOIL. 


EXT. 

M.  LAYS 

AHT.fOCTR, 

MT.KT9. 
nos  EXT. 
06/6 

OII.T0T. 

CUH.TOT. 

FRACTION  RETD. 

UG/«.  06/6 

OttLLC. 

06/C 

RETD. 

U6/6 

THIS 

EXTR. 

TOTAL  RENETR 
CHALLC.  FACTOR 

1  V 

I 

944.4*134.21 

4.4 S  4.24  1929.91 

1939.21 

1929.91 

1.14 

1.41 

.11 

H 

0.72  45.« 

-a.  14 

9.29 

-a.14 

-3.89 

-3.89 

4.89 

III 

21.31  41.44 

4.65 

45.45 

4.85 

.11 

.11 

.89 

MI 

444. W 

949.41 

944.88 

.98 

.98 

.42 

Ull+lll 

432.87 

444.41 

432.87 

.98 

.98 

.42 

2  V 

I 

41.44  I2i.2« 

14.45  44.14 

74.34 

2444.44 

2444.24 

.43 

.97 

.37 

a 

M. 44  41.24 

-44.34 

S4.14 

-62.52 

-1.13 

-1.S2 

2.43 

HI 

14.44  31.61 

59.34 

134.45 

44.24 

.45 

.47 

.35 

mi 

IS. 49 

i4a.2t 

941.17 

.25 

.93 

.75 

i*u*m 

29.81 

464.81 

442.44 

.74 

.94 

.24 

3  V 

I 

13.44  11.81 
14.54  43.42 

18.79 

2142.21 

2125.15 

.23 

.95 

.77 

a 

9.74  51.16 

4.45 

117.14 

-77.47 

.48 

-.44 

.92 

UI 

14.41  45.45 

-7.27 

194.13 

54.91 

-.12 

.29 

1.12 

MI 

11.82 

1471.14 

473.49 

.29 

.91 

.71 

1*11*111 

5.45 

714.47 

446.11 

.24 

.94 

.84 

4  H 

I 

7.66  44.54 
14.14  ia.a 

-24.44 

2234.75 

1998.39 

-.28 

.89 

1.28 

a 

14.54  124.45 

-4.65 

29.34 

-62.52 

-.44 

-.35 

1.44 

ai 

24.41  244.62 

-116.78 

321.86 

-41.81 

-.94 

-.19 

1.74 

MI 

-15.74 

1111.37 

957.93 

-.33 

.84 

1.33 

i*u*m 

-54.18 

745.58 

416.42 

-1.59 

.83 

2.59 

s  u 

i 

4.14  44.38 
4.44  1SS.14 

-55.75 

2334.13 

1942.43 

-.54 

.83 

1.54 

a 

6.64  213. a 

-56.18 

393.54 

-144.49 

-.a 

-.a 

1,38 

in 

11. a  247.25 

-33.94 

SJ4.19 

-45.75 

-.14 

-.18 

1.16 

MI 

-54.44 

1146.44 

444.47 

-i.iS 

.77 

2  ,r> 

MMII 

-49.29 

776.71 

548.73 

-1.49 

.73 

2.49 

■ftlSTRlBUTIQH  LaCFFICinffS 
IJCt  SOIL  SOI**  ONLY 
RATIO  DEC.  RATIO  DEC. 


294.87  89.81 

217. /I  89.72 

17.13  84.64 

-.8I-38.SI 

21.17  87.  IS 

.12  6.81 

112.95  89.49 

41.67  88.63 

224.31  89.75 

46.76  88.77 

42.M  89.19 

44.74  88.72 

7.96  82.85 

-.94-42.14 

27.46  87.92 

2.42  63.65 

54.42  88.99 

21.19  87.29 

291.42  89.84 

62.49  89.43 

44.98  88.73 

32.13  88.22 

12.59  15.44 

-1.34-53,17 

13.25  85.48 

.87  41.44 

89.17  I9.a 

33.47  88.29 

142.ii  89.44 

a.63  88.13 

23.17  87.53 

16.49  84.53 

5.77  84.17 

.65-33.21 

3.84  71.88 

-.25-14.17 

44.94  88.61 

15.21  84.24 

37.35  88.47 

7.57  82.48 

17.74  86.77 

12.52  85.43 

3.14  72.32 

-.66-33.41 

2.89  71.91 

-.39-a,17 

23.64  87.58 

8.4S  83.25 

a.39  88.43 

6.91  81.75 

8 

4.44  1V3.92 

4 

2.93  144.S9 

53.33 

2S34.4S 

1995.94 

a 

4.14  198,77 

-51.18 

534.19 

-198.87 

m 

6.44  311.27 

-111.54 

732.94 

-217.25 

i*:i 

-2.42 

1245.42 

898.S5 

i*u*ni 

-a.7i 

843.35 

S29.9S 

V 

2.42  232.71 

i 

1.92  114.22 

48.48 

2762.75 

2144.44 

a 

2.42  232.74 

-48.48 

718.31 

-247.35 

m 

2.12  193.92 

a.7s 

945.46 

-148.47 

MI 

.11 

1381. a 

898.55 

WMII 

12.93 

921.92 

542.88 

.27 

.79 

.73 

19.96  87.13 

14.2R  85.97 

-.41 

-.37 

1.41 

3.17  71.98 

-1 . 88-45. 81 

-.54 

-.28 

i.S6 

1.94  62.76 

-.67-33.74 

-.13 

.71 

1.43 

25.34  87,7  - 

9,14  83.69 

-.44 

.63 

1.61 

28.62  88.11 

j.12  78.96 

.a 

.74 

.79 

15.49  86.31 

11  18  84.8S 

-.a 

-.34 

1.26 

2.42  67.53 

-1.86-46. 75 

.17 

-17 

.83 

3.31  73.18 

-.87-41.98 

.it 

.65 

i.ll 

21.65  87.35 

7.72  82.62 

.17 

.59 

.83 

45.99  88.75 

8.48  <3.21 
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TABLE  40.  FLUORINE  FRCtt  HYDROFLUORIC  ACID  PRODUCTION  WASTE  ON  DAVIDSON 

•  '  urn  «*»•  W  "M 

*»  Ufi/!IL  ^  ^  */C  W/C  DCT*.  CHALLC.  FACTOR  RATIO  DEC.  RATIO  DEC. 


1  V  9A9.Mi939.2l 


1 

2.32 

4. AS  1934.55 

1939.28 

1934.55 

II 

4.85 

9.73 

-S.tS 

4.45 

-5.45 

III 

11.38 

24.48 

-14.91 

9.74 

-14.91 

mi 

944.75 

949.44 

944,75 

MMII 

439. S3 

444.41 

439.53 

2  4 

44.41  121.24 

I 

t.tt 

29.49 

92.11 

24M.44 

2424.67 

II 

14.24 

31. M 

-l.Si 

33.73 

-4.54 

III 

S.4S 

IS.  IS 

1S.4S 

44.34 

4.55 

MI 

4S.34 

1434.24 

1414.45 

MMII 

3S.3S 

486.84 

674.88 

3  K 

13.44 

81.81 

I 

14.44 

42.42 

19.39 

2142.21 

2144.14 

II 

14  14 

M.M 

1.82 

94.15 

-4.7S 

UI 

14.54 

43.12 

-2.42 

144.94 

2.12 

M! 

M.M 

1471.11 

1424. M 

MMII 

4.24 

714.17 

Ml. 14 

4  y 

7.88 

94.54 

i 

7.47 

89.49 

4.85 

2234.75 

2454.91 

II 

14.24  122.41 

-32.72 

185.84 

-37.47 

HI 

ii.Ti 

ia.47 

-4.14 

«o.3i 

-3.94 

MI 

-13.94 

1118.37 

1444.72 

MMU 

-11.31 

745.58 

6(9.83 

5  t» 

4.14 

99.38 

1 

4.87  144.83 

-AS. 45 

2334.13 

1985.44 

II 

7c 47  149.48 

-4.85 

354.67 

-42.32 

III 

0.48  243.42 

392.99 

-37.87 

MI 

-35.15 

1168.14 

971.57 

MMII 

-34.74 

778.71 

435.49 

i  W 

4.4*  193.92 

I 

4. AS  223.41 

-29.49 

2531.15 

X9S6.37 

II 

3. S3  149.48 

53.33 

573.68 

11. lx 

III 

3. S3  149.48 

.14 

542.47 

-37.87 

MX 

12.12 

1245.12 

983.69 

MMII 

8.83 

843.35 

443.17 

'  u 

2.42  232.74 

I 

1.82  174.53 

58.18 

2742.75 

2114.55 

II 

1.92  184.22 

-9.71 

748.21 

1.31 

III 

1.72  144.83 

19.39 

744.91 

-18.48 

MI 

24.24 

1381.38 

1117.93 

MMII 

22.42 

924.92 

64S.79 

l.M 

1.14 

.11 

465.47  89.88 

416.39  89.86 

-1.49 

-1.49 

2.09 

22.99  87.51 

-.52-27,51 

-1.12 

-1.12 

2.13 

11.54  84.58 

-.53-27.90 

1.49 

1.14 

.11 

293.44  89.80 

199.14  89.71 

.99 

.99 

.91 

192.71  89.71 

93.12  89.38 

.74 

.98 

.24 

77.51  89.24 

69.67  89.18 

-.45 

-.19 

1.15 

7.24  82.13 

-.21-12.11 

.51 

.11 

.51 

iS.35  86.27 

.34  16.70 

.75 

.98 

.25 

95.81  89.40 

66.11  89.13 

.88 

.98 

.13 

249.49  89.79 

133.64  89.57 

.24 

.94 

.74 

34.43  88.43 

32.78  88.25 

.13 

-.15 

.97 

3.48  74.81 

-.18  -4.48 

-.44 

.42 

1.14 

3.55  74.48 

.13  1.93 

.24 

.95 

.74 

48.73  88.82 

33.68  88.30 

.23 

.95 

.77 

64.98  89.12 

32.42  88  23 

.15 

.92 

.95 

25.41  87.75 

22.87  87.54 

-.34 

-.20 

1.34 

1.54  57.28 

-.31-17.02 

-.15 

*  i2 

i-iS 

1.74  M.i7 

-.13  -1.76 

-.29 

.94 

1.29 

23.91  87.64 

16.45  86.52 

-.34 

.91 

1.76 

31.41  88.19 

15.64  86.34 

-.44 

.85 

1.44 

13.43  8S.74 

12.05  85.25 

-.13 

-.12 

1.13 

1.49  47. S8 

-.25-14.11 

*21 

-.11 

1  21 

.93  43.14 

-.19-11.54 

-.71 

.83 

1.7l 

16.83  84.40 

11.45  8S.01 

-1.IS 

.82 

2.(5 

19.43  87.45 

9.36  83.90 

-.15 

.77 

1.15 

9.80  84.17 

8.77  83.50 

.24 

,02 

.76 

i.4i  54,43 

.06  3.71 

.91 

-.07 

1.00 

1.12  48.25 

-.22-12.58 

.13 

.78 

.87 

io.97  86.43 

11,59  85.07 

.13 

.74 

.87 

23.46  67.56 

11.37  84.97 

.2S 

.73 

.75 

12.85  85.55 

11.54  85.05 

-.16 

.00 

1.16 

1.24  51.22 

.91  .41 

.11 

-.12 

.89 

1.27  51,81 

-.11  -6.40 

.21 

.73 

.79 

15.89  86.40 

10.94  84.78 

.29 

.7?. 

.71 

24.57  87.67 

12.12  85.28 
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TABLE  41.  FLUORINE  FROM  HYDROFLUORIC  ACID  PRODUCTION  WASTE  ON  NICHOLSON 


EXT. 

m.  ura 

MiT.rocn. 

MIT. RETD. 
THIS  EXT. 
UC/C 

CUM. TOT. 
CHALLC. 
UC/C 

CUM. TOT 
RETD. 
UC/C 

U6/HL  U6/C 

1  M 
i 

96f .641939.24 

S.M  11.72  1927.48 

1*39.21 

1927.48 

n 

3.84  47.17 

-35.96 

11.72 

-3S.96 

in 

31.44  81.81 

-13.13 

47.67 

-13.13 

Ml 

945.76 

969.61 

945.76 

wwu 

626.13 

646.41 

626.13 

2  V 

I 

41.41  ia.21 
14.45  41.94 

77.27 

2161.49 

2144.75 

u 

31.91  92.72 

-48.78 

55.65 

-84.74 

III 

11.91  32.72 

S9.99 

144.39 

46.86 

MI 

14.24 

1131.21 

964.41 

MMII 

29.49 

686.81 

655.62 

I  M 

I 

13.44  81.81 
21.81 124.84 

-43.13 

2142.21 

1961.72 

II 

11.11  4l.il 

64.24 

181.49 

-24.54 

III 

2.73  14.34 

44.24 

211.99 

91.11 

MI 

16.61 

1171.1! 

978,61 

I+II+UI 

21.82 

714.17 

677.44 

4  V 

1 

7.88  94.54 
6.16  72.72 

21.82 

2236.75 

1983.54 

II 

11.91 131.96 

-58.18 

253.21 

-78.68 

III 

21.64  Z47.Z5  -116.35 

331.89 

-25.25 

I+II 

-18.18 

1113.37 

952.43 

I+II+UI 

•:3.9i 

'15.58 

626.54 

FRACTION  tCTP. 

THIS  TOTAL  RENEW. 
EXTE.  CHALLC.  FACTOR 

.DISTRIBUTION  CGEFFTPTFMTfi 
INCL  SOIL  SOU  ONLY 

RATIO  DEG.  RATIO  DEG, 

.99 

.V 9 

.41 

297.67  89.81 

164.52  89.65 

-3.17 

-3.17 

4.17 

31.97  88.21 

-.75-37.42 

-.28 

-.28 

1.23 

2S.44  87.7S 

-.22-12.19 

.98 

.98 

.12 

171.57  89.66 

39.68  88.56 

.97 

.97 

.43 

261,81  89.78 

31.89  88.15 

.64 

.97 

.36 

81.14  89.29 

45.63  88.74 

-l.lt 

-1.52 

2.11 

15.91  86.41 

-.91-42.43 

.65 

.33 

.35 

49.14  88.83 

1.43  55.47 

.24 

.93 

.76 

88.41  89.35 

21.71  87.24 

.73 

.9S 

.27 

489.15  89.83 

64.14  89.45 

-.53 

.92 

1.53 

28.21  87.97 

15.71  86.36 

.51 

-.11 

.49 

25.44  87.75 

-.34-18.69 

.73 

.45 

.27 

11191  89.43 

5.57  79.82 

.2b 

.91 

.74 

135.41  89.58 

32.43  88.21 

.81 

.95 

.21 

982.34  89.94 

124.21  89.54 

.23 

.89 

.77 

48.73  88.82 

27.23  87.90 

-.81 

-.31 

1.81 

11.32  84.95 

-.60-31.01 

-.8? 

".So 

1.8? 

6.21  83.35 

-  iC<  -5.33 

-.38 

.85 

1.38 

62.22  89.08 

14.55  86.17 

-1.62 

.84 

2.62 

64.39  89.11 

7.60  82,51 

8 

4,i4  99.38 

I 

3.4C  243.62  -144.23 

2336.13 

1879.31 

II 

14.21  244.82  -41.21 

456.82 

-119.89 

III 

14.53  252.11  -7.27 

576.71 

-32.52 

MI 

-72.72 

1168.46 

879.71 

I+II+UI 

-51.94 

778.71 

575.63 

i 

4.44  193.92 

I 

4  85  232.71  -38.78 

2530.45 

1841.52 

II 

5.96  286.03  -53.33 

689.53 

-173.21 

III 

7.17  339.36  -53.33 

862.74 

-85,85 

M2 

-46.16 

1265.12 

833.65 

I+IMII 

-43.48 

843.35 

S27.i 

8 

2.42  232.71 

I 

1.82  174.53  58.18 

2762.75 

1898.?! 

II 

4.14  397.64  -223.11 

864  It 

-396.22 

III 

3.33  317  97  77,57 

1  '61  '8 

-8,28 

MI 

*82.42 

i38i.J8 

751.24 

I+II+II 

*29.1? 

921  <?; 

498  j6 

-1.45 

.89 

2.05 

16,89  86.61 

9.23  83.82 

-.21 

-.26 

1.21 

5.18  81.35 

-.49-26.09 

-.03 

-.06 

1.03 

6.96  84.63 

-.13  -7.35 

-1.46 

,7S 

2.46 

32.67  88.25 

7.1  ■'  82.00 

-1.54 

.74 

2.54 

62.54  89.08 

6.85  81.69 

-.21 

.73 

1.24 

14.61  bt-,09 

7.91  82.79 

-  23 

-.25 

1.23 

4.85  78,35 

-.61-31  20 

-.1? 

-.10 

1.1? 

4.34  "7.84 

-.25-ii  20 

-.47 

it* 

1.  ’ 

7  64  87.93 

5.83  £  ,27 

-.75 

,63 

i  .75 

4w.fl3  HP  76 

4,66  7,  9 

.25 

,69 

.75 

19.82  8M? 

ifl.88  8 

Tc 

1.28 

-.-6 

2.28 

2.93  H 

1.00*4 

91 

.21 

•  1) 

.80 

4.85  8,35 

-.03  - 

.48 

-  n 

.5* 

1.71 

19.48  87  16 

3  78  . 

18 

-.37 

■  .3, 

48.'  .'  >  ■ 

4.67  ■ 

,91 
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WHITE  PHOSPHORUS  PRODUCTION  WASTE 

Gases  from  the  electric  furnace  production  of  phosphorus  are  collected 
In  a  water  scrubber  and  the  resultant  liquor  Is  treated  with  lime.  Table  42 
shows  that  water  extracts  of  this  waste  were  highly  basic.  Figures  76  to  81 
Indicate  that  all  three  soils  were  quite  effective  In  reducing  the  content  of 
Soluble  materials  In  this  leachate  until  the  sixth  extraction,  when  some 
flushed  off  the  soils.  The  ability  of  these  soils  to  attenuate  the  pH  was 
exhausted  by  five  extractions  totaling  47  mill  11  Iters/gram. 

TABLE  42.  LEACHABILITY  OF  WHITE  PHOSPHORUS  PRODUCTION  WASTE 


Element 

Initial 

When  Concentration  Levels 

Off 

Total  Weight  Percentage 

Cone. 

(yg/ml) 

Cone. 

(yg/ml) 

Extr. 

Nr. 

Extr.Vol . 
(ml/g) 

Equlv. 

Days 

Extracted  Extracted 

(yg/g  waste) 

F 

2.9 

1.9 

7 

190 

620 

358  0.16 

P 

10.5 

0.6 

4 

23 

75 

45.5  0.32 

Measure¬ 

ment 

Initial 

Final 

Estlm. Tot. Extr. 

(y  equlv/q) 

Conduct.  ( 
PH 

y  mho) 

9,302. 

12.3 

313. 

11.0 

2,207. 

Fluorine 


Fluoride  Ions  were  present  In  the  leachate  from  this  waste  In  very  low 
concentrations  (3.5  to  1.6  yg/ml).  Figure  82  and  Table  42  Indicate  that  the 
fluoride  concentration  soon  became  relatively  constant  and  that  In  seven 
extractions  a  total  of  358  yg/g,  or  0.16  percent  was  extracted  from  that 
originally  in  the  waste.  Tables  43  to  45  and  Figures  84  to  86  show  that  an 
average  of  23  percent  of  the  fluoride  penetrated  the  soils  In  the  first 
extract  and  that  Increasing  amounts  of  fluoride  were  found  in  the  effluents 
from  succeeding  challenges.  Figure  83  displays  graphically  the  importance  of 
soll-to-waste  ratio  In  retaining  fluoride  and  that  Nicholson  soil  soon  began 
to  yield  fluoride  from  Its  own  fluoride-containing  components. 

Phosphorus 

Tables  42,  46  to  48  and  Figure  87  show  that  the  concentration  of  phos¬ 
phorus  in  the  first  extract  was  10.5  yg/ml  and  dropped  to  the  region  of  the 
detection  limit  by  the  fourth  extract,  yielding  a  total  of  45  yg/g,  which  is 
0.32  percent  of  the  phosphorus  present  in  the  waste.  Figures  88  to  91  show 
that  3?  percent  of  the  phosphorus  In  the  first  extract  penetrated  the  third 
layer  of  Davidson  and  Nicholson  soils  and  84  percent  penetrated  the  Chalmers 
soil.  By  the  third  extraction  all  the  soils  were  giving  up  phosphorus,  with 
Davidson  retaining  a  net  of  27  percent  of  the  cumulative  challenge. 
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White  phosphorus  production  waste  yielded  a  solution  of  high  pH  although 
the  concentration  of  fluorides  and  phosphorus-containing  compounds  were  very 
low.  Only  a  few  tenths  of  a  percent  of  the  available  fluorine  and  phosphorus 
Were  removed  In  the  seven  extractions,  but  the  waste  appeared  to  be  a  long¬ 
term  source  of  fluoride  Ion.  After  continued  exposure  to  the  strongly  basic 
leachate  the  soils  lost  their  ability  to  reduce  the  pH  and  they  also  started 
to  release  previously-retained  fluoride  and  phosphorus. 
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FIGURE  76.  CONDUCTANCE  OF  EXTRACT  FROM  WHITE  PHOSPHORUS  PRODUCTION  WASTE  ON 
CHALMERS  SOIL. 
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FIGURE  80.  ^jJ^goJjC|0JF  EXTRACT  FROM  WHITE  PHOSPHORUS  PRODUCTION  WASTE  ON 


EXTRACT ION  OF  FLUORINE  FROM  WHITE  PHOSPHORUS  PRODUCTION  HASTE. 


TAStE  43.  FLUORINE  FROM  WHITE  PHOSPHORUS  PRODUCTION  WASTE  ON  CHALKERS  SOIL. 


tfT.KKTl.  AHT.RETD. 


EZT. 

m.  LAYS 

U6/HL 

06/6 

THIS  on 
06/6 

1  « 

2.93 

5.84 

I 

1.11 

2.12 

3.84 

n 

.49 

.91 

1.14 

m 

.52 

1.13 

-.IS 

mi 

2.44 

warn 

1.41 

2  V 

3.53 

19.41 

I 

3.44 

11.91 

-.31 

II 

.51 

1.51 

9.41 

III 

.97 

2.42 

-1.12 

MI 

4.55 

MMII 

2.44 

3  H 

3.33 

21.11 

I 

2.43 

‘5.74 

4.24 

U 

2.22 

.*?4» 

2.42 

m 

l.tt 

U: 

4. 47 

mi 

3.33 

mmii 

4.44 

4  i 

2.27 

27.27 

I 

1.92 

23.13 

4.24 

11 

3.28 

39.39 

-14.34 

in 

i.92 

23.13 

14.34 

mi 

-4.14 

mmii 

;.4t 

s  y 

1.47 

41. II 

i 

1.31 

31.51 

8.48 

u 

i.5» 

37.57 

-4.14 

iii 

2.22 

53.33 

-15.74 

MI 

1.21 

MMII 

-4.44 

6  U 

1.57 

75  14 

I 

1.31 

43.12 

12.12 

II 

1.72 

82.42 

-19.39 

III 

1.72 

82.42 

.11 

MI 

-3.44 

MMII  -2.42 


1  »  i.«7  179.38 

I  t.S7  1S« .2?  29. If 

II  1.S7  151.29  .11 

III  2.47  237.55  -87.26 

MX  14.54 

I+II+III  -19.3? 


QjK.TOT.  QH. TOT. 
CHALL6,  XETD. 

06/C  OC/C 


natron  pets, 

THIS  TOTAL  PENETR. 
EXTt.  CHALLC.  FACTOR 


DISTRIBUTION  COEFFICIPirTS 
IHCL  SOIL  SOU  ONLY 
RATIO  DEC.  RATIO  DEC. 


5.84 

3.84 

.44 

.44 

.34 

412.89  89.84 

1.91  42.24 

2.12 

l.H 

.52 

.52 

.49 

827.85  89.93 

t.fc  44.72 

.98 

-.15 

-.IS 

-.IS 

1.15 

784. 2i  89.93 

-.95  -2.81 

2.93 

2.44 

.83 

.83 

.17 

3312.11  89.98 

4.98  78.44 

1.95 

1.41 

.82 

.82 

.18 

7181.98  89.99 

4.69  77.95 

14.44 

3.54 

-.13 

.21 

1.13 

74.58  89.23 

.32  17.96 

12.93 

11.45 

.84 

.81 

.14 

547.12  89.91 

6.97  81.83 

2.49 

-1.17 

-.75 

-.47 

1.75 

318.41  89.81 

-.45-24.19 

8.23 

4.99 

.84 

.85 

.14 

2149.54  89.97 

9.32  83.81 

S.49 

4.27 

.75 

.78 

.25 

2784.32  89.98 

4.89  78.44 

34.44 

7.78 

.21 

.21 

.79 

51.91  88.91 

.49  26.27 

28.48 

12.87 

.15 

.45 

.85 

41.72  89.17 

.97  44.81 

1S.81 

5.49 

.51 

.35 

.SI 

122.34  89.53 

.82  39.51 

18.23 

11.32 

.33 

.57 

.47 

244.57  89.77 

1.S5  57. IS 

12.15 

8.71 

.47 

.72 

.33 

1197.53  89.95 

3.92  75.71 

43.73 
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.14 

.19 

.84 

35.71  88.41 

.52  27.54 

51.71 

-3.49 

-.71 

-.17 

1.71 

21.48  87.28 

-.19  -S.D6 

55. 21 

21.84 

.42 

.41 

.58 

36.12  88.41 

.95  43.59 

31 .87 

4.24 

-.44 

.13 

1.44 

82.47  89.31 

.22  12.22 

21.24 

11.13 

.14 

.48 

.84 

317.89  89.82 

1.32  52.84 

113.73 

21.51 

.a 

.21 

.7? 

24.36  87.83 

.65  33.95 

83.22 

-9.55 

-.19 

-.11 

1.19 

21.33  87.31 

-.25-14.26 

92.77 

6.11 

-.42 

.17 

1.42 

15.39  84.26 

.11  6. S3 

51.84 

5.48 

.14 

.11 

.94 

84.53  89.34 

.29  16.25 

34.58 

5.48 

-.33 

.14 

1.33 

137.92  89.58 

.32  17.73 

178.87 

32.42 

.14 

.18 

.84 

13,37  85.72 

.52  27.37 

144. 25 

-28.94 

-.31 

-.21 

1.31 

9.48  83.98 

-.35-19.35 

17S.19 

4.19 

.11 

.13 
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9.91  84.23 

.97  4.23 

89  44 

1.84 

-.11 

.12 

1.11 

39.36  88.54 

.94  2.54 

59,42 

3,24 

-.11 

.15 

1.11 

88.57  89.35 

.12  6.77 

358.25 

41.71 

.14 

.17 

,84 

5.89  81.22 

.41  22.32 

294.54 

-28.94 

.It 

-40 

1.61 

5.29  79.11 

-.19-19,91 

325.48 

-81.14 

-.58 

-.25 

1.58 

3.17  71.95 

-.34-18.86 

179.12 
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.14 

.99 

.84 

21.78  87.37 

.22  12.39 

119.42 
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-.32 

-.14 

1.32 
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-  29-11.51 
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FIGURE  84.  WEIGHT  OF  FLUORINE  FROM  WHITE  PHOSPHORUS  PRODUCTION  WASTE  ON 
CHALMERS  SOIL. 


TABIE  44.  FLUORINE  FROM  WHITE  PHOSPHORUS  PRODUCTION  WASTE  ON  DAVIDSON  SOIL. 


EXT. 

hr.  ura 
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AHT.RETD. 
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11.91 

3.97 

8.23 

5.49 

5.55 

4.93 

1.41 

4.24 

4.71 

.14 

.44 

.51 

.71 

.84 

.34 

.44 

.41 

.76 

.84 

.84 

.34 

.49 

.29 

.i4 

25.69  87.77 
75.44  89.24 
1SI.IS  89.42 
297.47  89.81 
1351.26  89.96 

.61  31.43 
2.23  65.87 
1.15  44.38 
4.12  76.13 
9.21  83.81 

3  y 

3.33  21.11 

* 

4 

n 

in 

MI 

ItIMII 

1.72  11.31 
1.72  11.31 
.91  S.39 

9.71 

.11 

4.91 

4.85 

4.87 

34.44 

a. a 

14.28 

18.23 

12.15 

15.25 

4.93 

4.51 

11.19 

9.57 

.48 

.81 

.48 

.48 

.73 

.42 

.33 

.44 

.61 

.79 

.52 

l.ll 

.52 

.52 

.27 

23.61  87.57 
22.81  87.49 

43.48  88.48 

91.48  89.37 
385.79  89.85 

1.48  SS.96 
.47  33.94 
1.21  51.38 
2.15  65. H 

5  32  79.34 

4  y 

2.27  27.27 

I 

ii 

TXT 

*44 

I  til 

MMH 

2.53  31.31 
2.37  28.48 
1.77  u.u 

-3.13 

1.82 

7.27 

-.41 

2.12 

43.73 
Si. Si 

42i7i 

31.87 

a.24 

12.22 

8.7S 

t  -T 

Ui/7 

11.49 

11.59 

-.11 

.14 

A< 

4  CO 

-.14 

.22 

.19 

.17 

"»n 

.ac 

.33 

.55 

1.11 

.94 

.74 

1.14 

.78 

7.93  82.81 
8.31  83.14 
ii.44  84.99 
32.76  88.25 
98.37  89.42 

.41  21.97 
.31  17.18 
.65  U.iz 
.74  34.37 
1.44  SB.41 

s  y 

1.47  41, •• 

i 

u 

hi 

M! 

MMII 

2.53  61.41 
2.73  45.45 
2.32  55.75 

-21.41 

-4.85 

9.71 

-12.73 

-5.25 

113.73 

112.11 

ltt.a 

51.84 

34.58 

-8.38 

3.91 

23.48 

-2.24 

4.33 

-.52 

-.W 

.15 

".44 

-.39 

-.18 

.13 

.22 

-.14 

.18 

1.52 

l.N 

.85 

1.44 

1.39 

3.62  74.57 
3.54  74.24 
4.51  77.51 
13.87  8S.88 
37.15  88.44 

-.14  -7.88 
.14  3.41 
.42  22.84 
-.17  -3.92 
.34  18.82 

4  V 

1.S7  75.14 

I 

U 

III 

MI 

MMII 

1.31  43.12 
1.24  41.41 
1.15  55.27 

12.12 

2.42 

S.33 

7.27 

4.43 

178.87 

175.13 

148.31 

89.44 

S9.42 

3.74 

4.33 

28.82 

5.13 

12.94 

.16 

.14 

.19 

.19 

,26 

.12 

.14 

.17 

.14 

.22 

.84 

.94 

.91 

.81 

.74 

3.6*  74.79 
3.87  75.51 
4.65  77.84 
15.22  84.24 
37.83  88.49 

.16  3.39 
.11  S.96 
.52  27.54 
.17  9.43 
.71  35.13 

7  V 

1.87  179.38 

I 

II 

III 

MI 

MMH 

1.47  157.98 
1.47  159.98 
2.17  218.44 

19.39 

.11 

-48.48 

9.71 

-9.71 

358.25 

335.12 
328.79 

179.12 
119.42 

23.13 

6.33 

-19.44 

14.73 

3.26 

.11 

.11 

-.31 

.11 

-.16 

.16 

.12 

-.16 

.18 

.13 

.89 

ill 

i.il 

.89 

1.16 

1.57  57. SI 

1.44  55.48 
1.11  44.98 

5.88  81.34 

9.89  84.23 

.14  8.23 
.14  2.24 
-.19  -5.39 
.18  11.43 
.IS  2.69 
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TABLE  45.  FLUORINE  FROM  WHITE  PHOSPHORUS  PRODUCTION  WASTE  ON  NICHOLSON 

AHT.fllCTt'ttT.eETD.  CUR. TOT.  CUH.TOT.  FRACTION  RETD.  DISTRIBUTION  COEFFICIENTS 

m  -  THIS  EXT.  MILS.  KT)  THIS  TOTAL  PENETR.  INCL  SOIL  SOLN  ONLY 

LAYB  US/M.  UG/S  US/S  UC/C  UC/C  EXT1.  CHM1C.  FACTTOK  RATIO  DEE.  RATIO  DCS. 


8 

2.93 

5.84 

1 

1.41 

2.23 

3.13 

5.84 

3.13 

II 

.31 

.71 

2.12 

2.83 

2.12 

U1 

l.ll 

2.22 

>1.51 

.71 

-t.Si 

Ml 

2.58 

2.93 

2.58 

wi+ni 

1.21 

1.95 

1.21 

t  « 

1.S 

11.41 

i 

5.25 

15.74 

-5.15 

14.44 

•2.12 

h 

.57 

1.71 

14.14 

18.58 

14.18 

in 

.31 

.94 

.71 

2.44 

-.74 

uu 

4.45 

8.23 

7.13 

MMII 

3.22 

5.49 

4.43 

i  i 

3.13 

21. H 

i 

4.14 

24.85 

>4.85 

34.44 

-4.97 

u 

2.V3 

17.57 

7.27 

43.43 

23.45 

ui 

.41 

2.91 

14.47 

19.98 

13.91 

MS 

1.21 

18.23 

8.24 

i*u*m 

5.74 

12.  IS 

11.13 

A  U 

2.27 

27.27 

I 

2.53 

31.31 

-3.13 

43.73 

-tl.ll 

II 

3.33 

48.11 

-f.TI 

73.73 

13.74 

UI 

1.S7 

22.42 

17.57 

59.97 

31.48 

l*U 

-4.34 

31.87 

1.88 

wwn 

1.42 

21.24 

11.75 

S  8 

1.47 

48.24 

I 

2.41 

43.82 

-0.13 

183.73 

-13.13 

n 

2.12 

48.48 

14.54 

134.75 

21.31 

UI 

3.21 

78.78 

-31.31 

118.45 

1.18 

MI 

•4.24 

51.84 

-'.34 

MM11 

-12.93 

34.58 

-1.11 

4  1 

1.57 

75.14 

I 

1.C2 

87.24 

-12.12 

178.87 

-45.15 

n 

1.17 

81.49 

-2.42 

224.12 

25.88 

in 

2.17 

79.38 

-9.74 

198.14 

-8.S1 

WI 

-7.27 

89.44 

-9.44 

MMII 

-8.18 

59.42 

-9.24 

7  U 

1.17  179.31 

I 

1.42  155.14 

24.24 

358.25 

-21.91 

XI 

1.72  144.13 

-9.71 

379.15 

14.18 

III 

1.47  159.91 

4.85 

342.97 

-3.47 

MX 

7.27 

179.12 

-2.34 

MMII 

4.44 

119.42 

-2.81 

.52 

.S2 

.48 

552.71  89.91 

1.17  44.97 

.75 

.75 

.25 

2219.51  89.97 

3.11  71. 57 

-2.14 

-2.14 

3.14 

711.39  89.92 

-.48-34.29 

.88 

.88 

.12 

M33.31  89.99 

7.29  82.18 

.42 

.42 

.38 

4321.27  89.99 

1.44  S8.57 

-.49 

-.13 

1.49 

98.88  89.42 

-.13  -7.47 

.89 

.17 

.11 

928.91  89.94 

9.54  84.11 

.45 

-.32 

.SS 

1441.11  89.97 

-.81-38.88 

.84 

.15 

.14 

3485.81  89.98 

8.29  83.12 

.91 

.81 

.19 

14941.44  91.81 

14.14  85.94 

-.24 

-.19 

1.24 

42.51  89.  N 

-.28-1S.47 

.29 

.54 

.71 

91.11  89.34 

1.33  S3. IS 

.13 

.71 

.17 

S4I.I8  89.89 

4.78  78.19 

.12 

.45 

.88 

354.11  39.84 

.94  43.17 

.85 

.83 

.15 

4837.18  89.99 

11.45  84.53 

-.11 

-.14 

1.11 

SI. 14  88.88 

-.33-18.24 

-.32 

.19 

1.32 

39.35  18.54 

.34  18.98 

u 

o 

•  ww 

.56 

\>i  w3  M  lO 

1.4S  54. Si 

-.47 

.14 

1.47 

154.il  89.43 

.19  5.37 

.18 

.55 

.82 

427.74  89.91 

1.57  57. S3 

-.51 

-.32 

1.58 

24.23  87.44 

-.52-27.44 

.23 

.a 

.77 

32.74  88.25 

.58  31.27 

-.42 

.11 

1.42 

19.82  87.11 

.12  .84 

-.21 

-.15 

1.21 

128.42  89.55 

-.11  -5.57 

-.97 

-.13 

1.97 

178.17  89.48 

-.14  -2.58 

-.14 

-.25 

1.14 

17.34  84.71 

-.52-27.34 

-.13 

.12 

1.13 

17.48  84.74 

.29  14.49 

-.11 

-.14 

1.11 

15.41  84.33 

-.49  -4.94 

-.19 

-.11 

1.19 

49.34  89.17 

-.21-12.13 

-.32 

-.14 

1.32 

144.99  89.57 

-.28-15.42 

.14 

-.44 

.84 

9.92  84.24 

-.13  -7.48 

-.44 

.14 

1.44 

9.54  84.43 

.14  S.41 

.43 

-.11 

.97 

9.73  84.13 

-.42  -1.31 

.48 

-.11 

.92 

37.83  88.49 

-.43  -1,44 

.11 

-.42 

.89 

87.71  89.35 

-.45  -3.11 
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TABLE  46.  PHOSPHORUS  FROM  WHITE  PHOSPHORUS  PRODUCTION  WASTE  ON  CHALMERS 
SOIL. 

aiT.raCTI.  ART. RET®.  OU.TOT.  CUH. TOT.  FRACTION  RETD.  EttJEITOMMIOBilS 


EXT. 

ft.  LATEX 

UK/NL 

UK/C 

THIS  EXT. 
UK/C 

CHALLC. 

UK/C 

RET®. 

UK/C 

THIS 

an. 

TOTAL  PEHETR. 
CHALLG.  FACTOR 

INCt  SOIL 
RATIO  DEC. 

sum  out 

RATIO  DEK. 

1  4 

It. S3 

a.i7 

I 

7.14 

14.24 

2.77 

a. 17 

2.77 

.13 

.13 

.87 

25.32  87.74 

•IS  8.47 

II 

7.77 

17.53 

-1.25 

14.24 

*1.25 

-.17 

-.17 

1.17 

a. 47  87.54 

-.14  -3.47 

III 

i.n 

17.74 

1,71 

17,53 

1.74 

.17 

.17 

.71 

a. 11  87.81 

.11  S.72 

MI 

.77 

11.53 

.77 

.17 

.17 

.73 

74.24  17.37 

.14  4.47 

MMII 

1.11 

7.12 

1.11 

.14 

.14 

.84 

233.35  87.7S 

.17  11.57 

2  4 

3.44 

11.44 

I 

4.77 

14.31 

-3.44 

31. Si 

-l.M 

-.37 

-.13 

1.37 

32.17  84.22 

-.18  -4.31 

II 

4.47 

14.  H 

.31 

32.54 

-.75 

.ft 

-.13 

.74 

32.77  84.25 

-.17  -3.88 

in 

4.72 

14.77 

-.77 

33.53 

1.11 

-.14 

.13 

1.14 

31. a  14.14 

.17  3.87 

MI 

-1.74 

15.75 

•1.41 

-.34 

-.14 

1.34 

131.38  87.54 

-.14  -8.23 

MMII 

-1.44 

11.51 

-.34 

-.42 

-.13 

1.42 

281.21  87.81 

-.17  -3.75 

3  4 

1.14 

4.54 

I 

1.17 

4.24 

-1.47 

34.N 

-2.74 

-.a 

-.17 

i.a 

SS.48  48.77 

-.33-18.41 

U 

1.14 

4.41 

.a 

44. ft 

-.74 

.13 

-.« 

.77 

57.20  87.11 

-.17  -s.a 

m 

l.ll 

11.11 

-2.77 

41.54 

-1.74 

-.37 

-.a 

1.37 

41,4*  84.42 

-.14-11.13 

MI 

-.73 

17.  M 

-1.74 

-.22 

-.17 

1.22 

224.72  17.75 

-.43-23.43 

MMII 

-1.47 

12.47 

-l.M 

-.47 

-.14 

1.47 

375.71  17.85 

-.47-24.33 

4  I  .41  7.19 

I  <.»  <4.14  45.41 

ii  .si  4.n 

III  (.51  (  4 M 

MI 

MMII 


S  H  (.51(12.12 

I  ( .51  (12.12 

II  (.51  (12.12 

III  (.51(12.12 
MI 

MMII 


The  reminder  of  the  table 
was  not  calculated  because 
of  the  prevalence  of  values 
below  the  detection  limit. 


4  li  (.54  (  24.24 

I  ( .SI  (24.24 

II  ( .54  (  24.24 

III  ( .51  (24.24 
MI 

ItIMII 


7  M  (.51(41.44 
I  (.54  (-4.44 

U  ( .54  <44.48 

III  ( .SI  (44.44 

MI 

MMII 
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TABLE  47 •  PHOSPHORUS  FROM  WHITE  PHOSPHORUS  PRODUCTION  WASTE  ON  DAVIDSON 


or. 

IB.  UWB 

mr.ffSW.  'nff.tcn. 

-  THIS  EXT, 

ULUl  «/s  uc/c 

QA. TOT. 
CHMLLC. 
UC* 

CUR. TOT.  j 
SET). 

uc/c 

FUniM  ICT. 

TWI  TQTM.  fBCTt, 
EXTI,  CHM1C.  FACT® 

BISTIUUTIOH  COEFFICIEHTS. 

INC.  SOU  SOU  OUT 

RATIO  DEC.  RATIO  DEC. 

1 

1 

16. S3 

21.17 

I 

f.is 

11.11 

2.17 

21.17 

2.97 

.14 

.14 

.64 

24.15  17. M 

.14  9.32 

u 

S.S3 

11.17 

7.13 

11.11 

7.13 

.3* 

.3* 

.41 

42.94  N.47 

.44  32.42 

IU 

4.11 

1.21 

2.67 

11.17 

2.6? 

.24 

.24 

.74 

57.46  I9.H 

.35  19.28 

MI 

S.N 

11. S3 

S.N 

.47 

.47 

.53 

171.21  19.44 

.91  42.19 

iwm 

4.2* 

7.12 

4.2* 

.41 

.41 

.3* 

SIS. 71  19.6* 

1.57  57.4? 

2 

6 

1.46 

16.44 

I 

1.S2 

11.54 

-.12 

31.S1 

2.IS 

-.11 

.1* 

1.11 

44.44  N.72 

.27  IS. 11 

u 

4.U 

i2.a 

-1.47 

a.u 

S.S4 

-.14 

.1* 

1.14 

39.41  N.SS 

.44  24.61 

in 

3.1* 

*54 

2.47 

fl.tl 

S.34 

.21 

.23 

.7* 

49.S7  N.64 

.S4  29.16 

mi 

-.N 

IS. 75 

4.21 

-.IS 

.27 

1.1S 

154.4*  19.43 

.71  34.95 

MMK 

.2* 

11.51 

4.SI 

.N 

.44 

.92 

442.51  19.67 

1.44  55.18 

I 

N 

1.11 

4.S6 

1 

i.a 

7.27 

-.71 

S.N 

2. IS 

-.11 

.14 

1.11 

44.72  69.11 

.31  14.48 

U 

1.41 

I.S7 

S.*3 

4.24 

-.11 

.12 

1.16 

S5.13  N.94 

.SI  24.44 

m 

1.47 

11.11 

-1.42 

31.47 

3.91 

-.17 

.12 

1.17 

47.25  N.79 

.39  21.36 

MI 

-i.N 

19.14 

3.21 

-.31 

.17 

l.S 

219.29  69.74 

.75  34.77 

MMU 

-1.14 

12.49 

3.44 

-.52 

.27 

1.S2 

422.72  19.64 

1.13  45.91 

4  6  .42  7.3* 

I  <S4  <4.14 

II  <.$•  <4.14 

UI  .41  7.21 

un 

MMil 

5  6  (.SI  (12.12 

I  (.SI  (12.12 

II  (.51  <12,12 

III  (.54  (12.12 
!♦!! 

MMII 

4  i  (.54  (24.24 

I  (.51(24.24 

II  (.51(24.24 

III  (.SI  (24.24 
MI 

MMII 

7  H  (.$1(41.46 

I  (.SI  (41.46 

U  (.51  (41.46 

Ill  .S?  54.72 

MI 
MWII 
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TABU  48*  PHOSPHORUS  FROM  WHITE  PHOSPHORUS  PRODUCTION  WASTE  ON  NICHOLSON 
SOIL. 

MT.ftJCTI.  AHT.ttU.  CUM. TUT.  OH. TOT.  FlACTIOH  1ETC.  DISTliaUTIQM  COEFFICIENTS 

EXT.  -  THU  ET.  CHAOS.  ICT1.  THIS  TOTAL  PEJCTI.  XNCL  SOIL  SOU  ONLY 

it.  um  uc/nl  ur/s  uc/c  us/s  us/s  art.  challc.  factci  ratio  dec.  ratio  dec. 


1  1 

18.S2 

21.17 

I 

f.TI 

19.41 

1.47 

21.17 

1.47 

II 

4.34 

12.48 

4.73 

19.41 

4.73 

in 

4,  IS 

1.29 

4.38 

12.48 

4.39 

MI 

4.29 

11.53 

4.29 

MMII 

4.24 

7.12 

4.24 

2  t 

3.48 

11.44 

I 

4.11 

12.33 

•1.19 

31. SI 

-.23 

U 

4.94 

14.81 

•2.55 

31.73 

4.11 

in 

4.42 

13.84 

1.12 

27.55 

5  49 

MI 

-2.22 

15.75 

1.98 

MMn 

-1.14 

ll.SI 

3.12 

1  8 

1.11 

4.S8 

I 

1.47 

11.13 

-1.4S 

31.  M 

-3.48 

U 

2.14 

12.33 

•2.31 

41.74 

1.91 

in 

£.48 

14.94 

-3.73 

39.M 

1.47 

MI 

-2.11 

19.14 

-.99 

wwn 

•3.14 

12.49 

*.M 

4  8 

.42 

7.39 

1 

<.SI 

<4.14 

1.33 

45.41 

-2.3S 

11 

.41 

7.21 

-1.15 

47.12 

.73 

in 

.7S 

I.f7 

-1.74 

47.11 

-.19 

MI 

.19 

22.74 

-.11 

MMII 

-.S3 

IS.  14 

-.57 

S  M  <SI  <12.12 
I  <.SI  <12.12 

U  <.S8  <12.12 

III  .57  U.7I 

MI 
1>U*III 


•8 

.18 

.92 

88.22  89.35 

.19  4.91 

35 

.35 

.65 

135.44  99.58 

.53  27. 9S 

3S 

.35 

.65 

284.75  89.72 

.53  27.84 

41 

.41 

.61 

541.2?  89.89 

.44  33.51 

41 

.41 

.3? 

1857.52  89.97 

1.54  57.12 

-.18 
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FISH#!;  *1.  WEIGHT  j?  PHOSPHORUS  FROM  WHITE  PHOSPHORUS  PRODUCTION  WASTE  Oh 
NICHOLSON  SOIL. 


SECONDARY  ZINC  SMELTER  CINDERS 


Tht  secondary  smelting  of  zinc  produced  cinders  that  had  been  deposited 
1r  an  open  dumping  area.  The  age  of  iha  sample  tested  was  not  known,  but 
they  may  have  been  exposed  to  leaching  for  several  years.  Table  49  and 
Figures  92  to  97  show  that  this  sample  of  cinders  was  not  very  soluble  and 
the  leachai e  was  only  slightly  acidic,  however,  the  conductance  histograms 
indicate  that  some  substances  In  the  soil  were  solubilised  by  this  extract. 

TABLE  49.  LEACHA8ILITY  OF  SECONDARY  ZINC  SKELTER  CINDERS 


clement 


Inltlsl  Whtn  Conctntratien  Levels  Off 

««— »M— i  ■—  I  run  TJ  i  '*  - irsciatisa***. -.y-xm  p^it  - i  ■  ■  ■<^1 

Cone.  Cone.  Txtr.  TxtrTVcT.  Equiv. 


Total  Sleight 
Extracted 


Hr. 


(ml/g)  Days  (uo/g 

■i  1TI—11  II Zm  m  mam ri  na  wWii  tulm  I  ifcijji  mph  ,m  —  i  iV  m 


Percentage 

Extracted 


Cd 

0.34 

0.04 

4 

23 

75 

00 

• 

CM 

s*V 

m 

(*•" 

Ph 

0 * 34 

0.13 

? 

190 

620 

*28.  *0.2 

m 

0.15 

0.08 

4 

23 

75 

1.9  0.10 

2n 

41. 

2.1 

7 

100 

520 

707.  1.4 

fJeas  ur»- 

Iritis! 

Fins! 

Estlm.Tot.Extr. 

meat 

Conduct,  (y 

?aho) 

370. 

16. 

58. 

pH 

6.7 

5.6 

— 

Cadmium 


Figure  98  and  Tables  49  to  52  show  that  fM  concentration  of  cadmium  In 
the  leachate  is  low  initially  and  drops  rapidly,  producing  a  total  of  only 
about  1.7  vg/g  which  Is  2.8  percent  of  the  cadmium  present  In  the  cinders. 
Figures  99  to  102  show  that  all  three  soils  retain  the  cadmium  well,  although 
precise  calculations  on  the  fraction  retained  cannot  be  made  when  the  concen¬ 
tration  falls  below  the  detection  limit. 

lead 


The  concentration  of  lead  extracted  is  low  (0.34  yg/ml)  giving  a  total 
of  approximately  20  yg/g,  or  0.2  percent  of  the  lead  In  the  waste.  (Figure 

103  and  Tables  49,  53  to  55.)  So  many  of  the  samples  were  below  the  detection 
limit  that  no  attempt  was  made  to  calculate  and  plot  the  fraction  retained  by 
the  soil.  The  weights  obtained  In  each  extraction  are  displayed  in  Figures 

104  to  106. 

Nickel 


Tables  49,  56  to  58  and  Figure  107  show  that  the  concentrations  of 
nickel  In  the  extracts  were  very  low,  yielding  a  total  of  only  1.9  yg/g, 
which  Is  0.10  percent  of  the  amount  In  the  cinders.  Figures  108  to  110  show 
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that  the  amount  of  nickel  In  the  soil  extracts  were  generally  below  the 
detection  limit.  For  this  reason,  a  set  of  histograms  was  not  prepared 
compering  the  fractions  retained. 

Z1& 

Zinc  was  present  In  the  cinder  extracts  at  a  low  concentration  (41  pg/ml 
decreasing  to  2.1  wg/m1),  as  seen  In  Table  49  and  Figure  111.  A  total  of  707 
ug  tine  was  dissolved  per  gram  of  cinders,  which  represents  0.14  percent  of 
that  present  In  this  waste.  Tables  59  to  61  and  Figures  112  to  115  show  that 
only  a  few  percent  of  the  zinc  penetrates  the  3:1  soll-to-waste  ratio,  giving 
an  average  concentration  of  0.14  ug/ml.  All  three  soils  are  very  similar  In 
performance. 


Aged  cinders  from  a  zinc  secondary-refining  operation  yielded  low  or 
very  low  concentrations  of  cadmium,  lead,  nickel,  and  zinc.  The  sample 
tested  was  quite  Insoluble  and  only  a  few  tenths  of  a  percent  of  lead, 
nickel,  and  zinc  dissolved,  and  less  than  three  percent  of  the  cadmium  was 
removed  by  the  seven  extractions.  The  effluents  from  the  soils  contained 
very  low  concentrations  of  these  metals,  although  previously-retained  cadmium 
was  being  released. 
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FIGURE  55.  pH  OF  EXTRACT  FROM  ZINC  SECONDARY-REFINING  CINDERS  ON  DAVIDSON 
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FIGURE  97.  pH  OF  EXTRACT  FROM  ZINC  SECONDARY-REFINING  CINDERS  ON  NICHOLSON 


FIGURE  98.  EXTRACTION  OF  CAOMIUM  FROM  ZINC  SECOHWUW-REFININ6  CINOERS. 
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FIGURE  100.  WEIGHT  OF  CADMIUN  FROM  ZINC  SECONDARY-REFINING  CINDERS  ON  CHALMERS 
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FIGURE  102.  HEIGHT  OF  CADMIUM  FROM  ZINC  SECONDARY-REFINING  CINDERS  ON 
NICHOLSON  SOIL. 
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FIGURE  109.  WEIGHT  OF  NICKEL  FROM  ZINC  SECONDARY-REFINING  CINDERS  ON  DAVIDSON 
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FIGURE  110.  WEIGHT  OF  NICKEL  FROM  ZINC  SECONDARY-REFINING  CINDERS  ON  NICHOLSON 
SOIL. 
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FIGURE  111.  EXTRACTION  OF  ZINC  FROM  ZINC  SECONDARY-REFINING  CINDERS. 
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FIGURE  112.  COMPARING  FRACTION  ZINC  RETAINED 
REFINING  CINDERS  LEACHATE. 
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EXT. 

m,  LATEX 

AMT.PECT1, 

NfT.rcro. 
THIS  EXT. 
UK/6 

CUH. TOT. 
DULLS. 
UG/6 

Oil. TOT.  FIACTIffll  *m) 

lISTKIMTIia  COEFFICIENTS 

us m.  uc/c 

RitlS. 

I'Ve 

THIS 

EXT*. 

TOTAL  PQCTt. 
CHALLC.  FACTO 

INCL  SOIL 
RATIO  DEC. 

SOJ  OUT 
RATIO  DEC 

1  V 

44.45  81.34 

X 

IX 

III 

MI 

MMI1 

.n  mi 

.44  1.37 
.33  .47 

77.33 

.41 

.71 

37.77 

24.88 

81.31 

1.78 

1.37 

41.45 

27.11 

77.33 

.41 

.71 

37.77 

24.81 

.78 

.31 

.51 

.78 

.77 

<98 

.31 

.Si 

.98 

.77 

.12 

.69 

.47 

.42 

.11 

71.27  87.29 
45.43  88,74 
73.77  87.37 
238.14  8P.7* 
7S5.35  '69,94 

41.17  88.57 
.44  23.81 

1.16  44.68 

58.17  89.12 
121.97  89.53 

2  8 

14.21  41.43 

I 

U 

ui 

MI 

MMXl 

.41  1.44 
.21  .77 
.21  .41 

47.17 

.47 

.17 

23.73 

14.41 

127.74 

1.42 

2.15 

44.77 

43,31 

124.52 

1.2? 

.<0 

43.74 

42.17 

.77 

.44 

.22 

.78 

.77 

.77 

.37 

.41 

.78 

.77 

.43 

.54 

.78 

.12 

.11 

131.84  87,54 
81.43  89.31 
143.42  87.45 
485.33  87.88 
1131.14  89.75 

87.71  87.35 
1.6S  58.74 
1.44SS.2S 
165.39  87.65 
212.32  87.73 

i  a 

14.35  42.11 

i 

n 

in 

MI 

MMH 

.41  2.41 
.14  .74 
.14  .15 

57.43 

1.55 

.47 

31.57 

24.42 

172.45 

5.74 

3.47 

74.43 

44.42 

184. IS 
2.82 
.74 
74.48 

43.31 

.74 

.42 

.11 

.78 

.77 

.77 

.48 

.31 

.78 

.77 

.14 

.38 

.71 

.42 

.11 

77.77  87.43 

68.77  87.17 

73.78  87.23 
464.15  81.88 
877.44  89.73 

74.72  87.24 
3.91  A. 57 
1.14  48.67 
241.18  87.72 
223.87  89.74 

4  8 

4.41  7A.M 

I 

11 

in 

MI 

MMII 

.31  3.58 
.14  1.21 
.31  4.SS 

73.37 

2.34 

<3.33 

37.88 

24.14 

247.41 

7.4C 

4.34 

CU  Cl 

■  »  mm 

87.47 

2S7.S3 

S.il 

-2.37 

132.34 

*87.45 

.75 

.44 

-2.75 

A* 

3  1  11 

.74 

.76 

.55 

-.55 

AA 

«  70 

.78 

.15 

.34 

3.75 

*n 

.16 

87.87  87.34 
55.27  88.76 
13.18  85.43 

-- JV*.  w  IU4  m.  < 

tee . i/  ir.wt 

181.11  89.48 

72.57  87.21 
4.28  76.83 
-.52-27.52 

2i».4i  89. 74 

57.72  89. Si 

S  H 

3.18  71.34 

I 

II 

in 

MI 

MMII 

.44  ‘  4 

.51  u.4 
.21  4.15 

44.44 

3.27 

7.44 
31.74 
23.84 

345.37 

25.23 

14.78 

172.48 

115.12 

324.13 

8.45 

5.27 

144.27 

111.27 

.77 

.21 

.41 

.84 

.74 

.73 

.34 

.31 

.95 

.77 

.21 

.79 

.37 

.16 

.46 

24.24  87.44 
5.43  77.72 
13.83  8S.87 
44.12  «,76 
183.57  89.69 

21.32  87. 18 
.68  34.11 

1.97  47.37 

26.32  87.82 
68.86  69.17 

6  U 

3.21  1S7.S4 

I 

II 

III 

MI 

MMII 

.47  32.44 
.31  15.43 
.11  5.33 

125.54 

14.77 

7.74 

*  A 

i 

'  f 

S42.73 

57.23 

31.81 

251.44 

167.44 

445.74 

25.42 

14.76 

235.54 

142.13 

.81 

.53 

.65 

.n 

.77 

.87 

.44 

.47 

.74 

.97 

.21 

.47 

.35 

.11 

.13 

15.86  84.37 
5.81  81.22 
14.37  86.1)3 
47.84  88.84 
ITS. 45  87.71 

13.93  85.37 
1.67  57.41 
2.81  71.38 
31.35  88.17 
91,15  89.37 

7  II 

2.12  213.42 

I 

II 

II! 

MI 

MMII 

.76  72.11 
.17  14.48 
.17  16.48 

111.54 

75.63 

.4* 

73.5. 

42.38 

744.55 

147.34 

48.27 

353.27 

235.52 

557.24 

111. IS 
14.76 
327.13 
224.41 

.55 

.82 

.11 

.72 

.72 

.79 

.68 

.31 

.73 

.7S 

.45 

.18 

i.OI 

.18 

.18 

4.72  81. *1 
7,88  84.22 
4.66  77.88 
54.73  88,96 
74.59  87.23 

6.15  83.61 
6.U  81.74 
.71  42.23 
39.93  88.57 
41.84  88. bi 

210 


TA8LE  60.  7INC  FROM  ZINC  SECONDARY -REFININ6  CINDERS  ON  DAVIDSON  SOIL. 


EXT. 

m.  LA  YEA 

AHT.fQCTR. 

AHT.KCT8, 
THIS  EXT. 
U6/S 

CUH.TOf. 

QJH.TOT. 

ft*™ 

XISnW'TIOK  COEFFICIENTS 

US/HL  US/G 

CHAUS. 

UC/S 

8ETI. 

US/S 

THIS 

EXTI. 

TOTAL  TOCTA. 
CHAUX.  FACTO 

Id  SOIL 

ratio  tee. 

SOU  ONLY 
RATIO  DEC, 

1  V 

41.45  81.31 

1 

II 

HI 

MI 

MMII 

.45  .91 
1.43  2.17 
1.21  2.41 

81.44 

-1.84 

.44 

390 

24.31 

81.31 

.81 

2.87 

4C.4S 

27.11 

N.44 

-1.84 

.44 

39.2 

24.34 

.88 

-2.14 

.14 

.84 

.87 

.88 

-2.16 

.16 

.94 

.87 

.41 

3.16 

.84 

.44 

.43 

148.85  88.62 
18.49  86.91 
a. 17  87.52 
114.44  89.45 
238.75  88.76 

88.44  88.35 
-.60-34.34 
.19  14.94 
27,35  87.91 
32.82  88.25 

2  H 

14.21  41.43 

1 

U 

in 

MI 

i*n*m 

.44  1.55 
.31  M 
.31  1.14 

44.4S 

l.N 

-.15 

a.K 

15.83 

128.84 

2.88 

3.15 

44.87 

43.31 

127.44 
-.84 

.31 

43.44 

42.13 

.94 

.51 

-.15 

.98 

.88 

.98 

-.33 

.48 

.87 

.87 

.84 

.SI 

1.15 

.42 

.42 

91.73  89.38 
54.88  88.86 
48.68  81.82 
351.44  88.84 
544.88  89.84 

64.4  1  88.11 
-.87-44.26 
.28  15.41 
128.44  88.55 
111.24  88.48 

l  II 

18.35  42.11 

I 

H 

m 

MI 

MMII 

.84  5.44 
.34  2.1S 
.12  .73 

54.48 

3.48 

1.42 

28.88 

21.44 

182.15 

8.53 

4.14 

84.43 

64.12 

10.52 

2.52 

1.74 

83.42 

42.58 

.91 

.42 

.44 

.87 

.88 

.86 

.31 

.28 

.87 

.98 

,19 

.38 

.34 

.43 

.11 

42.32  88.65 
26.74  87.86 
78.42  88.27 
188.74  89.74 
839.82  88.94 

32.56  88.24 
1.17  49.57 
2.39  67.29 
86.48  88.34 
25S.23  88.78 

4  (1 

4.41  74.84 

I 

II 

in 

Ml 

MMII 

.11  19.41 
.14  1.78 
,97  H.7I 

44.34 
8.81 
-4*  li 

37.43 

21.74 

249.41 

19.13 

<»  41 

134.51 

89.67 

249.88 

11.43 

A  <11 

litt 

134.44 

84.35 

.84 

.84 

“5.07 

.88 

.85 

.83 

.64 

-i.47 

.87 

.94 

.14 

.16 

6.88 

.12 

.15 

28.75  88.81 
38.15  tt.54 
4.64  75.85 
283.66  89.84 
63.96  89.19 

Z3.56  87.57 
6.74  81.56 
-.71-35.24 
154.44  08.63 
21.64  87.35 

5  M 

3.18  84.34 

I 

II 

III 

MI 

MMII 

.41  14.24 
.48  11.44 
.11  2.31 

49.12 

4.41 

8.33 

32.34 

24.48 

345.37 
B.38 
19.34 
172.46 
US.  12 

318.88 

16.44 

1.97 

143.12 

148.43 

.78 

.a 

.84 

.85 

.87 

.84 

.45 

.44 

.94 

.85 

.21 

.72 

.24 

.15 

.93 

2. 47  87.45 
6.11  84.71 
24.35  87.65 
44.93  88.78 
357.14  88.84 

19.49  87.44 
1.38  54.44 
.46  24.93 
a.  82  87.96 
142.05  89,64 

4  w 

3. 9  157.54 

I 

II 

III 

MI 

MMII 

1.11  53.33 
.S  11.42 
.17  3.38 

114.23 

42.84 

7.93 

73.57 

51.38 

512.83 
16.71 
28.74 
at.  44 
167.64 

414.23 

58.94 

8.11 

234.58 

144.42 

,w4 

.84 

.67 

.83 

.88 

.82 

.64 

.27 

.94 

.96 

.34 

.28 

.33 

.17 

.92 

8.38  U.53 
18.91  84.77 
18.5?  86.92 
66.59  69.14 
287.68  89,34 

7.77  32.66 
5.66  79.97 
2.3?  67.27 
45,44  88.7-5 
141.82  SV.69 

?  H 

2.12  283.42 

I 

II 

m 

MI 

MMII 

.48  57.21 
.58  55.27 
.11  8.21 

146.41 

1.94 

44.94 

74.17 

44.84 

>94.55 

145.81 

85.93 

353.27 

235.52 

544.44 

44.88 

54.16 

311.76 

225.22 

.72 

.13 

.83 

.73 

.85 

.78 

.42 

.64 

.88 

.96 

.a 

.87 

.17 

.27 

.95 

11.76  84.69 
2.14  64.54 
11.85  85.18 

IS. 23  36.24 
127.49  89. SS 

9.86  94.17 
1.14  47,77 
5.88  80.35 
11.25  84.92 
73.35  89.22 

212 


TA8l£  61.  ZINC  FROM  ZINC  SECONDARY-REFINING  CINDERS  ON  NICHOLSON  SOIL. 


MT.FBCTI.  ANT. tCTI.  CUR. TUT.  CUR. TUT.  rtiCTTmi  tm 

Sf  , -  ■-  ™»BT.  (MU.  (TO.  MI1W  FOCT. 

K.  UIQ  M/ll  Ut/C  UE/6  Dt/t  Uftft  pit.  OttUS.  FCTOB 

i  *  «.«  81.31 


INCL  SOIL  sou  ONLY 
RATIO  DCS.  RATIO  DEC. 


I 

1.17 

2.31 

78.72 

II 

.B 

1.71 

.69 

III 

.58 

l.ll 

.71 

MX 

37.08 

MMU 

28.77 

11.31  78.72  ,f7  .97 

2.31  .67  .28 

1.71  .71  ,41  .41 

44.85  38.84  .88  .88 

27.14  28.77  .88  .88 


.13  84.48  88.11  33.11  88.27 
.71  44.48  88.71  .41  22.14 
.58  75.51  88.24  .71  34.88 
.12  223.25  88.74  48.92  88.78 
.11  753.58  88.82  81.31  88.28 


3 


0 

18.21 

41.83 

I 

n 

in 

Ml 

MMU 

.84 

.23 

.38 

2.51 

.80 

1.87 

48.12 

l.ll 

-.41 

23.77 

15.05 

127.74 

4.98 

2.38 

84.77 

43.31 

125.14 

2.52 

.27 

83.78 

42.82 

.75 

.73 

-.81 

.77 

.78 

.78 

.51 

.12 

.98 

.98 

.IS 

.27 

1.81 

.11 

.12 

77.48  89.28 
113.41  89.49 
88.84  89.17 
825.97  89.91 
734.37  89.92 

49.72  88.8S 
3.71  74.88 
.28  14.78 
187.11  89.69 
117.24  89.51 

v 

ll.S 

82.11 

i 

ii 

m 

MI 

MMU 

.82 

.41 

.24 

3.73 

2.41 

1.45 

50.37 

1.24 

1.43 

27.  tt 

21.22 

172.45 

8.83 

4.08 

78.13 

84.12 

183.43 

3.78 

1.32 

73.57 

82.84 

.74 

.33 

.41 

.98 

.78 

.98 

.44 

.27 

.77 

.78 

.18 

.6" 

.59 

.44 

.12 

89.29  89.1? 
31.82  86.19 
S2.34  88.91 
195.78  87.71 
572.48  89.91 

49.22  88,84 
1.51  56.58 
.91  42.18 
75.34  89.2 
129.61  89.56 

0 

8.41 

78.98 

I 

II 

III 

.32 

.18 

.31 

3.81 

1.74 

3.71 

73.18 

1.74 

-1.78 

287.11 

12.58 

8.M 

2S8.51 

5.71 

*,44 

.95 

.51 

-  04 

.75 

.48 

-  k 

.45 

.51 

4  04 

85.42  89.33 
41.51  81.82 

4«  nn  ir 

66.14  89.13 
2.94  71.22 

MI 

MMU 

37.51 

24.42 

134.51 

87.87 

131.11 

87.28 

f  (  • 

.77 

.75 

•  MOO 

.97 

.97 

4(/4 

.13 

.15 

£.«•!£  Q/.13 

289.51  89.81 
252.93  89.77 

-.12  -o.Ti 
135.22  87.59 
71.81  87.19 

3  8  3.18  78.38 

I  .24  5.71 


I 

.24  5.71  71.88 

345.37 

327.17 

II 

.75  22.77  -17.87 

18.21 

-11.37 

III 

.21  4.73  18.18 

27.57 

17.82 

MI 

28.77 

172.88 

157.89 

MMU 

23.81 

115.12 

111.13 

'n  *75  .17  71.57  88.18  57.43  88.11 

-3.14  -.83  4, SI  2.78  71.24  -.51-28.55 

•77  .84  .21  18.55  87.17  3.73  74.98 

•74  .81  .31  28.88  87.88  13.88  BS.A7 

■74  .87  .18  212.98  88.73  71.53  89.i9 


0 

3.21  157.58 

1 

.47  23.78 

133.84 

512.73 

461.97 

II 

.25  12.12 

11.84 

41.78 

.25 

IU 

.13  8.18 

6.48 

41.71 

23.68 

MI 

72.72 

251.48 

234.61 

MMU 

51.54 

187.84 

161.63 

0 

2.12  213.82 

I 

.57  58.72 

148.87 

746.55 

617.87 

II 

.15  14.54 

42.18 

98.68 

42.43 

III 

.15  14.54 

.11 

56.25 

23.68 

MX 

74.54 

353.27 

J2S.1S 

MMII 

83.12 

235.52 

224.66 

•85  .  82  .15  22.55  87.48  19.41  87.15 
•4*  "*1  .51  8.19  81.83  .12  1.17 
■5I  >57  .51  18, 2S  88.48  3.81  75.65 
•72  .92  .18  62.74  87.19  38.15  88.49 
•  76  .  96  .  44  191.11  99.71  81.12  89.28 


•72  .86  .28  12.14  85. 2S  14,72  84.67 
•74  -43  .26  8.16  82,93  2.92  71,18 
11  -42  1.04  6.77  81.64  1.63  58.44 
93  ,92  ,47  65,28  89.12  44,71  88,72 
Ti  .75  .47  92.63  89.38  46.34  83.76 
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SLUDGE 


SECONDARY  ZIKC  $w;iT£R 

^  sc.‘ u  ->.sta !  :t*<  .'St  the  stack  of  the  zinc  secondary  smelter  produced 
a  siuuge  ^<6i;  was  disposed  of  among  the  cinders.  This  sludge  was  quite 
soiub{«  1r.  we  ter,,  yielding  a  slightly  acidic  extract  which,  by  the  second 

flvSh  20nie  1ons  off  the  soils  and  Increase  the  conduc¬ 
tivity.  \sOD!c  be  and  M cures  116  and  121.) 

TASLF  52.  LLACKAHILITY  OF  SECONDARY  ZINC  SMELTER  SLUDGE 


iterant 

initial 

Cone. 

-IhsML 

When  Concentration  Levels  Off 
Cone.  Extr.  Extr.Vol.  Equiv. 

(yg/ml)  Nr.  (ml /a)  Da vs 

Total  Weight 
Extracted 
(uQ/a  waste! 

Percent. 

Exfrac 

Cd 

116. 

0.08 

7 

190 

620 

75. 

Pb 

S.5 

7.5 

7 

190 

620 

1,540. 

2.2 

N1 

0.66 

0.6 

5 

47 

150 

5. 

1.4 

Zn 

605. 

21. 

7 

190 

620 

11,600. 

3.0 

Measure-  Initial  Final 

went _ _ 

Conduct,  (u  mho)  9,524.  148. 

P«  6.4  6.0 


Estlm.Tot.Extr. 
(u  equlv/g) 

686. 


Cadmium 


Cadmium  was  present  In  the  fl  r<t  ttVtMrf  **•  a  UAmi  k4~U  _ _ 

(116  ug/ml),  but  this  decreased  toTl^  i^HO^g/m  u'^the  fm"" 

(Tablef®2  a"d  figure  122.)  Of  the  cadmium  present  In  the 

9  aCTH  l42°iug/^  was  d1sso1ved  by  the  seven  extraction?.  Figures 
*  :  !r°  ***  tabulated  date  show  that  all  three  soils  began  to  yield 

csdHWi*.  either  previous^  retained  on  the  soil  or  originally  present  In  the 
23  ;hc%Vhat  the  cumulative  fraction  of  cadmium  retained  by 
eic!!kS0^?  rer*  d*P*nd*nt  upon  soll-to-waste  ratio.  Chalmers  was  the  best 

(Si?US0:  w*s.t?*  P""rt>.  but  it  also  was  st«d?ly  deterlo"- 
”‘2*  in  Its  ability  to  retain  cadmium  under  the  conditions  produced  by  this 

wfflC  W  <» 


lead 


u0/mTh6  ??JhU^fJ6ad  !rom*Jh1s  was'®  was  at  a  moderate  level  averaging  7.8 
V*  extracti°!?s  totaling  190  milliliters  of  water  per  gram 
of  waste,  « ,540  micrograms  of  lead  had  been  dissolved,  which  is  2  2  percent 
?L^t?»V™?nVn  the  Sludge.  (Figure  127  and  Tabfes  62!  66  tt  68  ) 
JI*¥rK-I2S  *' .  ?1(-hh0>'  th?J  the  retent1on  of  lead  from  this  leachate  was 
£2LfJ*l  f,Z  J”  three  soils  even  at  a  1:1  soll-to-waste  ratio.  The  overall 
retention  for  the  seven  extractions  was  at  least  96  percent  for  all  three 
soils  at  a  3.1  soll-to-waste  ratio.  The  concentration  of  lesd  in  the  seventh 


:s5K 


»  :t^mi,t  wsj  a  v* y  w»*jwtk» 


soil  extract  was  0.12  ug/ml  for  Chalmers  and  0.24  ug/ml  for  Davidson  and 

KIchoHon  soils. 

Nickel 

The  concentration  of  nickel  In  the  leachate  was  very  low  (0.66  ug/ml) 
and  dropped  steadily  to  near  the  lower  detection  limit  by  the  fifth  extract. 
(Tables  62*  69  to  73  and  Figure  132.)  A  total  of  5  micrograms  of  nickel  was 
extracted  per  gram  of  waste*  which  is  1.4  percent  gf  that  present.  The  per¬ 
formance  of  the  soils  Is  displayed  in  Figures  133  to  136.  Davidson  retained 
the  least  nickel  from  the  solution:  27  percent  of  the  total  challenge  by  the 
fourth  extraction  at  the  3:1  soll-to-waste  ratio;  Chalmers  and  Nicholson 
retained  68  to  60  percent*  respectively*  under  the  $a:«a  conditions. 

2.1  tiC 


'  Zinc  initially  was  present  at  a  moderate  concentration  (605  ug/ml)  which 
diroppeo  steadily  to  21  ug/ml  by  the  seventh  extraction.  A  total  of  11*600 
ug/  g  was  dissolved,  which  Is  3.0  percent  of  the  amount  in  the  waste.  (See 
Figures  137  to  141  and  Tables  62,  72  to  74.)  Davidson  soil  Is  also  the  least 
effective  In  removing  this  element  from  the  leachate  (50  percent)  compared  with 
Chalmers  and  Nicholson  which  rejnoved  77  and  82  percent,  respectively,  from 
the  cumulative  challenge  In  seven  extractions  at  a  3:1  soll-to-wasta  ratio. 
Figure  138  shows  the  important  effect  of  the  ratio  of  soil  to  waste  In  the 
’retention  of  line  from  this  leichate. 


Summary 


The  sludge  from  the 
with  a  very  high  Initial 


t  ewtil 
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<  I  l*« 


1  e 

-IW  <  I 


zinc  secondary- refining  plant  produced  a 
cadmium  concentration  which  then  dropped 
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leachate 
to  a  low 
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me*- 
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give  up 


cadmium  previously  retained,  indicating  the  possibility  of  poor  performance 
upon  further  exposure  to  this  waste.  Lead  was  retained  very  well  by  all 
three  soils  and  only  low  concentrations  penetrated  them,  but  the  waste 
appeared  to  be  a  long-term  source  of  lead:  the  concentration  of  lead  was 
moderately  high  in  the  waste  extract  throughout  the  period  of  leaching,  and 
although  only  2.2  percent  of  the  lead  was  extracted  during  these  tests,  the 
waste  Is  about  3.8  percent  lead.  Nickel  was  present  only  in  very  low  con¬ 
centrations  and  after  passage  through  soil  dropped  below  the  detection  limit. 
The  zinc  salts  were  sufficiently  soluble  at  first  to  give  a  solution  of 
moderate  zinc  concentration,  but  It  dropped  to  a  low  concentration  by  the 
seventh  extraction.  Although  only  three  percent  of  the  zinc  dissolved  in 
this  time,  potentially  leaving  a  long-term  source  (this  waste  was  38  percent 
zinc),  the  concentration  should  be  very  low  unless  influenced  by  external 
factors.  The  soils  further  reduced  the  zinc  concentration,  with  Nicnoison 
and  Chalmers  soils  retaining  about  80  percent,  and  Davidson  soil  50  percent 
of  the  cumulative  challenge. 
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w  r  n  in 


FIGURE  118.  CONDUCTANCE  OF  EXTRACT  FROM  ZINC  SECONDARY-REFINING  SLUDGE  ON 
DAVIDSON  SOIL. 


4.00 


FIGURE  119.  pH  OF  EXTRACT  FROM  ZINC  SECONDARY-REFINING  SLUDGE  ON  DAVIDSON 


3  Will 
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Winn 


EXTRACTION  OF  CADMIUM  FROM  ZINC  SECONDARY-REFINING  SLUDGE. 


$  1«  XI  m  Id  Ai  M  Id  w  w 


S  Id  til  M  Id  Id  M  1*1  c*l  XI 


S  1>t  M  XI  »  td  xi  HI  Id  XI 


C  -  Chalmers 
D  -  Davidson 
N  -  Nicholson 


'FIGURE  123.  COMPARING  FRACTION  CADMIUM  RETAINED  BY  SOILS  FROM  ZINC  SECONDARY¬ 
REFINING  SLUDGE  LEACHATE. 
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TABU  63.  CADMIUM  FROM  ZiMC  SECONDARY-REFINING  SLUDGE  ON  CHALMERS  SOIL. 

AR7.7B€Tt.  MT.RETR.  051. TUT.  OK. TOT.  FIACTIQK  HTTP,  DIST1IBUTIW  COEFFICIENTS 


SXT. 

m.  uni 

«/st 

IK'S 

THIS  or. 
ts/s 

erne. 

U6/C 

IETI. 

ue/c 

TBT 

DTI. 

"TUTS"  ram. 

CHALLC.  FACTOR 

'Ml  Soil 

RATIO  DEC. 

““SJunstr* 

RATIO  DEC. 

t  R 

llS.fl  231.77 

i 

53.41  117.34 

124.43 

231.77 

124.43 

.54 

.54 

.44 

1.14  49.33 

1.16  49.21 

n 

14.47 

33.33 

74.13 

117.34 

74. 13 

.47 

.49 

.31 

2.24  45.91 

2.22  65.76 

in 

3.13 

4.24 

27.17 

33.33 

27.17 

.81 

.81 

.19 

4.41  77.28 

4.32  74.77 

Ml 

77.0 

ilS.Tt 

77.0 

.84 

.84 

.14 

4.11  81.54 

5.95  80.47 

mi*iu 

75.11 

77.24 

75.18 

.77 

.97 

.13 

34.73  88.44 

34.12  88.41 

2  M 

33.71  111.13 

I 

27.72 

0.17 

17.75 

332.72 

142.38 

.18 

.43 

.82 

1.72  59.88 

1.71  59.71 

u 

11. SI 

34.54 

41.43 

171.54 

122.44 

.58 

.44 

.42 

3.57  74.33 

3.55  74.27 

III 

5.R4 

17.57 

14.77 

47.17 

44.14 

.47 

.45 

.SI 

2.53  48.47 

2.51  48.24 

MI 

33.27 

144.44 

132.52 

.44 

.81 

.34 

7.73  82.43 

7.47  82.57 

MMII 

27.15 

111.77 

113.13 

.O 

.73 

.17 

17.84  84,77 

17.59  84.75 

3  R 

S.47 

34.13 

1 

5.21 

31.21 

2.82 

344.95 

145.21 

.88 

.44 

.92 

4.47  77.71 

4.45  77.87 

II 

S.2S 

31.51 

-.31 

221.75 

122.34 

-.81 

.55 

1.81 

3.98  75.61 

3.88  75.56 

III 

1.77 

11.41 

21.71 

77.31 

44.74 

.44 

.4S 

.34 

6.17  88.88 

6.12  88.73 

MI 

1.24 

10.47 

133.71 

.(7 

.73 

.93 

8.5$  83.33 

8.49  83.28 

MMII 

7.11 

122.32 

118.84 

.47 

.91 

.31 

31.78  88.28 

31.35  88.17 

4  R 

1.47 

17.71 

I 

2.37 

21.41 

-11.77 

314.44 

134.42 

-.41 

.35 

1.41 

4.74  78.88 

4.72  78.14 

II 

1.31 

15.74 

12.73 

258.0 

135.17 

.45 

.54 

.55 

8.41  83.37 

8.57  83.35 

in 

.71 

8.41 

7.27 

115.14 

72.22 

.44 

.43 

.54 

8.57  83.35 

8.51  83.38 

l+II 

.77 

172.32 

134,75 

,11 

.7! 

.89 

17.23  So.oo 

17. ii  84.65 

itiMii 

3.17 

128.21 

113.71 

.52 

.89 

.48 

41.81  88.61 

41.28  88.S8 

s  V 

.34 

1.12 

i 

.84 

If.  IS 

-11.43 

372.74 

10.37 

-1.34 

.31 

2.34 

6.47  81.21 

6.44  81.18 

a 

.41 

14.31 

4.3 

247.38 

137.74 

.25 

.52 

.75 

9.82  84.19 

9.78  84.16 

in 

.25 

4.44 

8.24 

127.44 

88.44 

.SB 

.42 

.42 

13.34  85.72 

13.28  85.69 

Ml 

-3.17 

174.38 

131.44 

-.74 

.47 

1.74 

18.55  84.91 

18.41  84.89 

MMII 

.49 

138.92 

U4.S9 

.25 

.88 

.75 

57.47  89.18 

54.73  88.97 

4  U 

.22 

11.42 

I 

1.24 

41.41 

-58.11 

483.19 

73.21 

-4.81 

.18 

S.81 

1.22  51.57 

1.21  51.38 

II 

1.41 

47.17 

-7.27 

327.98 

132.44 

-.12 

.48 

1.12 

1.96  42.99 

1.95  42.91 

III 

.25 

12.12 

55.75 

177, 3i 

136.21 

.82 

.49 

.18 

11.28  84.93 

11.24  84.92 

MI 

-28.72 

211.59 

112.74 

-5.51 

.51 

4.51 

3.14  71.92 

3.13  7i.;: 

MMII 

-.57 

134.44 

114.(3 

-.14 

.8S 

1.14 

28,61  88.11 

28.22  87.97 

7  It 

.68 

7.27 

I 

1.11  114.44 

-97.38 

418.44 

-24.17 

-13.67 

-.14 

14.47 

-.24-13.53 

-.25-13.77 

II 

1.11 

94.74 

7.71 

434.43 

142.34 

.(9 

.33 

.91 

1.47  55.83 

1.47  55. 74 

III 

.83 

77.51 

17.45 

274.27 

1S3.44 

.18 

.52 

.82 

1.94  42.72 

1.93  42.64 

MI 

-44.84 

215.23 

58.19 

-12.33 

.28 

13.33 

1.22  58.63 

1.21  50.15 

MMII 

-24.18 

134.82 

89.95 

-9.93 

.  .44 

11.93 

3.45  73.84 

3.39  73.58 
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TABU  64.  CADMIUM  FROM  ZINC  SEC0N0ARY-REFINXN6  SLUDGE  ON  DAVIDSON  SOIL. 


EXT. 

tt.  LAYER  K/IL  UC/C 


^igP1,  S™ S’  E,7*  C!^0T-  mt. 

TW3  EXT.  CHNlfi.  IFTO,  THIS  TOTAL  P0CTI. 

UC^  UC/C  UC/C  EX71.  CHM1C,  fACTOt 


SISTII1UTI0*  flKglClOTS 

iNa  si?  a  sou  only  ~ 

RATIO  DEC.  RATIO  DEC. 


115.91  231.7? 


I 

M.41  173.21  58.58 

II 

».»  1*1.11  72.21 

III 

9.17  74.34  21.44 

MI 

45.44 

X+U+UI 

52.4? 

2  1 

33.71  1M.13 

I 

34.54  119.4?  -8.54 

II 

17.57  U2.72  -3.13 

III 

34.44  il?.3l  3.33 

HU 

-5.7? 

IHHUI 

-2.75 

3  8 

S.47  34.13 

I 

7.14  54.14  -24,82 

II 

14.N  81.71  -33.94 

III 

U.41  f?.4»  -l|.?i 

HII 

-27.31 

HIMII 

-21.8? 

4  V 

1.47  17.71 

I 

2.22  24.44  -8.?7 

U 

3.7?  47.87  -21.21 

in 

s.28  ic.i<  -14,54 

HU 

-15.9? 

I«IX4UX 

-14.91 

s  9 

•34  8.12 

t 

4* 

.82  19.43  -11.51 

u 

1J8  25.82  -4.18 

III 

1.42  38.78  -12.97 

HU 

-8.85 

HIHIII 

-14.22 

6  u 

.22  11.42 

I 

.38  18.18  -7.74 

n 

•55  24.18  -8.14 

hi 

.78  37.33  -li.lS 

HU 

-7.89 

HIHUI 

*8.?7 

'  8 

M  7.27 

I 

.11  14.47  -3.3? 

II 

.17  14.14  -5.33 

III 

.17  14.41  -,|| 

HU 

-4.34 

HIHUI 

-2.91 

231.7? 

58.58 

.25 

.25 

173.21 

72.21 

.42 

.42 

141.44 

24.44 

.24 

,24 

115.94 

45.44 

.54 

.54 

77.24 

52.4? 

.48 

.48 

332.92 

54.42 

-.18 

.15 

282.91 

49.19 

-.43 

.24 

213.72 

34.44 

.43 

.14 

144.44 

59.44 

-.11 

.34 

114.97 

49.73 

-.48 

.45 

344.95 

29.24 

-.41 

.18 

337.74 

35.25 

-.42 

.14 

382.49 

19.49 

-.12 

.44 

183.47 

32.23 

-1.41 

.18 

122.32 

27.85 

-1.93 

.23 

384.44 

21.24 

-.SI 

.45 

344.41 

14.44 

-.84 

.44 

3SI.37 

4.54 

-.34 

.41 

192.32 

17.14 

-1.71 

.19 

128.21 

12.94 

-2.53 

.14 

392.74 

8.72 

-1.42 

.82 

384.64 

7.86 

-.31 

.12 

374.18 

-8.42 

-.54 

-.42 

194.38 

8.29 

-2.18 

.44 

134.92 

2.72 

-3.78 

.42 

443.19 

.96 

-.74 

.11 

412.22 

-.14 

-.44 

“.II 

412.34 

-19.57 

-.43 

-.IS 

241.59 

.41 

-1.51 

.11 

134.44 

-4.25 

-2.58 

-IS 

416.44 

-2.43 

-.47 

-.11 

412.89 

-5.47 

-.51 

-.41 

418.34 

-19.57 

-.11 

-.IS 

245.23 

-3.95 

-1.21 

-.12 

136.82 

-9.16 

-1.28 

-.87 
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.75 

.35  19.11 

.34  18.69 

.56 

.73  34.11 

.71  3S.56 

.74 

.38  21.72 

.36  19.73 

.44 

1.3S  S3.S2 

1.29  52.32 

.32 

2.29  64.44 

2.12  64.73 

1.18 

.47  2S.14 

.46  24. Si 

1.13 

.43  32.17 

.61  31.S4 

.97 

.29  16.14 

.27  15.34 

1.11 

i.il  47.96 

1.16  44.61 

1.18 

1.48  S6.ll 

1.36  S3, 75 

1.61 

.56  29.21 

.53  28.14 

1.62 

.41  22.44 

.44  21.64 

1.12 

.21  11.44 

.19  11.81 

2.61 

.79  38.34 

.73  35.98 

2.93 

.97  44.14 

.84  39.96 

1.51 

.81  39.12 

.76  37.19 

1.84 

.32  17.93 

.29  16.34 

1.34 

.11  5.49 

.17  4.16 

2.71 

.84  39.93 

.72  35.61 

3. S3 

.83  39.73 

.62  31.88 

2.42 

,52  27.39 

.44  23.95 

1.31 

,34  19.83 

.31  16.93 

l.SI 

-.18-11.19 

-.22-12.25 

3.18 

.87  41.92 

.64  32.71 

4.78 

.55  28.67 

.21  11.88 

1.74 

.13  7.57 

•IS  3.14 

1.44 

.15  2.86 

-.01  -.31 

1.43 

-.49-25.91 

-.52-27.67 

2.51 

.25  14.21 

.03  1.81 

3.58 

-.15  -8.68 

-.51-26.67 

1.47 

-.89  -5.25 

-.23-12.83 

1.51 

-.25-14.12 

-.34-18.89 

111 

-1.13-48.56 

-1.22-50.74 

2.21 

-.13  -7.49 

-.49-26.29 

2.21 

-.91-42.14 

-1.72-59.79 

TABLE  65.  CADMIUM  PROM  ZINC  SECONDARY 


EXT. 

m.  urn 

MT.FEKETX. 

AMT.KCTD, 
THIS  EXT. 

X/fi 

CUK.  TOT, 
cmiic. 
uc/« 

on.ro; 

RETS. 

uc/c 

UC/NL  U6/C 

1  # 

U5.9I  231.79 

i 

71.7*  143.52 

81.27 

231.79 

88.27 

ii 

».IS  79.W 

*3.6 3 

143.52 

43.43 

m 

tf,63  3?.r 

42.(2 

79.89 

42,42 

i*n 

75.95 

llS.ffi 

7S.9S 

Mum 

44.14 

77.24 

44.94 

2  H 

33.71  1(142 

I 

33.83  m.Si 

-.38 

332,92 

87.98 

U 

27.93  83.71 

17.73 

245.83 

81.34 

m 

21.91  42.72 

21.84 

143.47 

43.41 

KSI 

0.47 

144.4* 

84.43 

wx*sn 

12. tf 

111.97 

77,64 

3  a 

$.47  34.13 

i 

949  5545 

-21.12 

344.95 

64.7S 

n 

6.48  51.98 

4.24 

sti.i? 

85,48 

m 

7.52  45. IS 

5.74 

214.57 

49.44 

im 

-1.44 

113.47 

74,  if 

wwix 

-3.71 

122.32 

73.94 

4  a 

1.47  17.71 

I 

2,82  24.24 

-4.S4 

384,44 

41.23 

n 

247  21.14 

-1.82 

324.41 

83.78 

m 

1 .  A7  M  *a 

W  «  »•  w  ■  w 

L.  *«. 

4*«  LI 

fc-fV  ivy 

fi 

/  3*99 

i+ii 

-448 

192.32 

72.11 

1*11*11! 

-.77 

128.21 

73.17 

S  H 

.34  1.12 

l 

.91  2t.»4 

-13.82 

392.74 

44,41 

II 

.74  18.31 

3.44 

344.35 

87.42 

in 

.94  22.54 

-4.24 

258.93 

71.26 

MI 

-5.89 

194.38 

66.92 

mx+ui 

-4,81 

138.92 

48.34 

6  u 

.22  it, 82 

i 

.37  17.94 

-7.S1 

412.19 

38.98 

iz 

•54  26.66 

-@.73 

344.29 

79.6? 

in 

•48  23.2? 

3,3? 

285.48 

74.45 

i  *U 

-S42 

211.59 

58,7? 

i*n*m 

-4.28 

134.48 

M.BS 

t  M 

.S3  ?,.?? 

V 

48  14. 7t 

'9.7? 

411,44 

29.21 

11 

.25  23.74 

-6.79 

381.25 

71.98 

III 

•«3  23,76 

48 

3(9.35 

74.45 

MI 

-<3.24 

285.23 

58,55 

WI+III 

-5.49 

136.22 

5S.59 

REFINING  SLUDGE  ON  NICHOLSON  SOIL. 


******  ivinh  ftflli*.  xnu,  OUAL  MJf  UHT 

EXT*.  CHALLC.  FACTO*  RATIO  DEC,  RATIO  DEB. 


.38 

.38 

.42 

.62  31.74 

.62  31.59 

.44 

.44 

.54 

.88  38.75 

.86  38.54 

.53 

.53 

.47 

1.16  49.16 

1.14  48.83 

.44 

.44 

.34 

1.93  42.57 

1.98  62.26 

.84 

.84 

.14 

5.34  79.39 

5.22  79.15 

-.81 

,26 

1.1! 

.8?  41.85 

.87  41.89 

.17 

.33 

.83 

.98  44.33 

.97  44.16 

.25 

.29 

.75 

1.12  45.66 

1.12  45.43 

.17 

.51 

,93 

2,(4  43.93 

2.12  63.66 

.33 

.78 

.42 

3.79  75.28 

3.71  74.93 

-.42 

.i8 

1.22  56.66 

1.21  58.45 

.29 

92 

1.6?  59.41 

1.68  59.26 

.11 

.32 

■  89 

i.55  57.16 

1.54  56.97 

-.51 

,42 

1,51 

3.83  71.75 

2.99  71.53 

-.S3 

,6i 

i.33 

5.11  78.72 

4.91  78.58 

-.37 

.16 

1.27 

2.51  68.24 

2.48  68.C8 

-.88 

.26 

1.48 

3.22  72.B2 

3.22  72.72 

.23 

.31 

.77 

3.84  75.26 

3.78  75.16 

-.47 

.37 

1,47 

5.64  79.R8 

5.53  79.74 

-.13 

.57 

1.13 

11.28  84.91 

If. 98  84,79 

-1.78 

.12 

2.78 

2.14  64.94 

2.12  64.78 

.17 

.25 

,83 

4.88  78.24 

4.78  78.18 

-.23 

.28 

1.23 

3.18  72.56 

3.16  72.44 

-1.25 

.34 

2.25 

7.42  82.33 

7.31  82. ?i 

-1.73 

.52 

2.78 

9.38  83.86 

9.18  83.73 

-.72 

.18 

1.72 

2.21  6S.52 

2.17  65,24 

-.49 

.22 

i.49 

2.97  71.3? 

2.95  71.28 

.13 

.26 

.87 

3.23  72.79 

3.21  72.69 

-A. 56 

.29 

2.56 

4.49  77.43 

4.41  77.22 

-1.23 

,48 

2.23 

8.45  83.25 

8.26  83.11 

-1.33 

.87 

2.33 

1.75  68.26 

1.72  59.64 

-.41 

.19 

i.4l 

3.85  71.84 

3.13  71.72 

.88 

.24 

1.18 

3.16  72.46 

3.14  72.35 

-2.27 

.25 

3.27 

4.34  77.13 

4.26  76.78 

-2.27 

,43 

3.27 

7.59  82.49 

7.40  82.38 
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TABLE  66.  LEAD  FROM  ZINC  SECONDARY-REFINING  SLUDGE  ON  CHALMERS  SOIL. 


AHT.PDETR.  AMT, RETD. 


«T. 

*>  LAYER 

UC/HL 

UG/6 

THIS  EX' 
UG/6 

1  W 

9.47 

18.94 

I 

.73 

1.46 

17.48 

11 

1.47 

2.95 

-1.49 

III 

.71 

1.41 

1.54 

MI 

7.99 

MMII 

5.84 

2  H 

7.56 

22.69 

I 

.85 

2.56 

21.13 

U 

.35 

1.14 

1.52 

III 

.89 

2.66 

-i.62 

UII 

11.82 

MMII 

6.68 

3  U 

6.39 

38.33 

I 

.64 

3.87 

34.46 

II 

.29 

1.75 

2.12 

III 

.53 

3.21 

-1.4S 

MI 

18.29 

MMII 

11.71 

4  It 

4.86 

58.35 

I 

,2i 

2.36 

55.98 

II 

.58 

7.11 

-4.64 

III 

.16 

1.93 

5.R8 

MI 

25.67 

MMII 

18.81 

CUH.TOT, 

CHALL6. 

UG/6 

CUH.TOT. 

RETD. 

UC/G 

FRACTION  RETD. 
THIS  TOTAL 
EXTR.  CHALLG. 

18.94 

17.48 

.92 

.92 

1.46 

-1.49 

-1.12 

-1.12 

2.95 

1.54 

.52 

.52 

9.47 

7.99 

.84 

.84 

6.31 

5.84 

.93 

.93 

41.62 

37.61 

.89 

.98 

4.12 

.13 

.59 

.81 

3.99 

-.18 

-1.56 

-.82 

21.81 

18.82 

.95 

.98 

13.87 

12.52 

.88 

.98 

79.95 

72.17 

.98 

.98 

7.88 

2.15 

.55 

.27 

5.74 

-1.52 

-.83 

-.27 

39.98 

37.11 

.95 

.93 

26.65 

24.23 

,92 

.91 

138.31 

12B.IS 

.96 

.93 

18.25 

-2.49 

-1.96 

-.24 

12.74 

3.56 

.73 

.28 

69.15 

62.78 

.88 

.91 

46.11 

43.84 

.97 

.93 

DISTRIBUTION  COEFFICIENTS 


PENETR. 

FACTOR 

INCL  SOIL 
RATIO  DEC. 

SOLA  ONLY 
RATIO  DEC, 

.88 

79.38  89.28 

11.96  85.22 

2.82 

32.98  88.26 

-.58-26.77 

.48 

71.14  89.19 

1.18  47.64 

.16 

139.14  89.59 

5.42  79.5S 

.87 

642.84  89.91 

12.47  85.41 

.11 

53.26  88.92 

14.72  86.11 

.41 

94.95  89.48 

.83  1.65 

2.56 

37.84  88.45 

-.83  -1.67 

.15 

415.95  89.86 

36.27  88.42 

.12 

347.72  89.84 

14.13  85.95 

.18 

44.18  08.78 

18.63  86.93 

.45 

57.51  89.88 

1.23  50.82 

1.83 

38.34  88.11 

-.48-25.49 

.15 

267.55  89.79 

42.41  88.65 

.88 

388.86  89.81 

22.74  87.48 

.84 

9S.81  89.48 

54.15  88.94 

2.96 

13.71  85.83 

-.36-19.59 

,27 

n  ii  oq  m 

■»w ■  «v  mil  ri, 

1  IW  1  A  f  1 

6,03  0A«30 

.12 

74.17  89.23 

17.92  86.81 

.83 

527,46  89.89 

67.05  89.15 

i  «  9.17  221.13 


I 

II 

III 
MI 

MMII 

.26  6.24 
.18  2.48 
.74  17.77 

213.79 

3.84 

-15.37 

188.81 

67.42 

358.32 

16.49 

15.14 

179.16 

119.44 

341.83 

1.35 

-11.81 

171.59 

118.46 

.97 

.62 

-6.48 

.99 

.92 

.95 

<88 

-.78 

.96 

.92 

.03 

.38 

7.48 

.01 

.08 

70.57  89.19 
41.50  88.62 
4.88  78.42 
387.16  89,81 
68.54  89.16 

54./ 8  88.95 
.56  29.38 
-.66-33.62 
142.99  89.68 
18.65  86.93 

8 

9.56  458.74 

I 

II 

III 
MI 

MMII 

.67  32.23 
.58  £>.86 
.23  11.12 

426.51 

8.17 

12.94 

217.34 

149.21 

817.16 

48.71 

39.28 

488.53 

272.35 

768.35 

9.52 

1.12 

388.93 

2S9.66 

.93 

.25 

.54 

.95 

.98 

.94 

.20 

.03 

.95 

.95 

.07 

.75 

.46 

.05 

.02 

26.98  87.87 
4.49  77.45 
8.96  83.63 
48.72  88.82 
149.78  89.62 

23.84  87.68 
.40  21.59 
.10  5.76 
32.34  88.23 
70.06  89.18 

M 

7.51  728.80 

I 

II 

III 

MI 

MMII 

.57  54.84 
.17  15.87 
.12  11.51? 

665.95 

38,98 

4.27 

352.47 

236.48 

1537.86 

113.56 

55.06 

768.93 

512.62 

1434.38 

48.50 

5.40 

741.40 

496.06 

.92 

.71 

.27 

.98 

.98 

.93 

.47 

.10 

.96 

.97 

.08 

,29 

.73 

.02 

.02 

27.95  87.95 
9.27  83.84 
8.96  83.63 
118.30  89.52 
204.88  89.72 

26.15  87.81 
3.06  71.88 
.47  24.97 
93.46  09.39 
128.40  89.55 
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FIGURE  129.  WEIGHT  OF  LEAD  FROM  ZINC  SECONDARY-REFINING  SLUDGE  ON  CHALMERS 


TABU  67.  LEAD  FROM  ZINC  SECONDARY-REFINING  SLUDGE  ON  DAVIDSON  SOIL. 


AHT.KIETK.  MT.KTS 


Ul. 

m.  urn 

-  THIS  CXI 

U6/I1  UC/C  uc/c 

1  V 

9.47  18.74 

i 

.44  1.33  17.41 

ii 

.42  1.25  .M 

hi 

1.17  2.34  -1.17 

mi 

8.85 

MMII 

5  53 

2  H 

7.54  22.47 

1 

.52  1.55  a.  13 

II 

.SI  1.54  .11 

in 

1.55  4.45  -3.11 

mi 

11.57 

MMII 

4.11 

3  H 

4.37  38.33 

i 

.11  .41  37.73 

n 

.45  3.73  -3.33 

in 

.37  2.22  1.71 

MI 

17.21 

i*n«nx 

12.  i4 

4  » 

4.86  58.35 

i 

.42  S.I8  53.27 

ii 

.28  2.34  2.71 

iii 

.72  8.61  -6.23 

MI 

27.77 

1+IMli 

14.58 

S  H 

7.17  221.13 

I 

.45  11.75  217.28 

II 

.35  8.34  2.37 

III 

.52  12.38  -4,12 

I*H 

115.83 

MMII 

47.22 

4  H 

7.54  458.74 

I 

1.58  75.71  383.14 

II 

.35  16.46  57. M 

III 

.23  11.71  5.76 

MI 

221.44 

MMII 

147.28 

7  V 

7.51  724.84 

I 

.72  48.76  6S1.84 

11 

•S3  51.72  18.43 

III 

.24  22.45  28.27 

MI 

334.74 

MMII 

232.71 

CUH.TUT.  CUN. TOT.  FRACTION  RETD. 
ONLLC.  RETS.  THIS  TOTAL 

UG/6  UC/C  EXT8.  CHALLG 


18.74 

17.61 

.73 

.73 

1.33 

.48 

.46 

.16 

1.25 

-1.47 

-.88 

-.88 

7.47 

8.85 

.73 

.73 

6.31 

S.S3 

.88 

.88 

41,42 

38.74 

.73 

.73 

2.86 

.47 

.41 

.43 

2.77 

-4.24 

-2.41 

-1.51 

24.81 

17.42 

.73 

.73 

13.87 

11.54 

.77 

.83 

77.75 

74.47 

.98 

.96 

3.48 

-3.24 

-5.SS 

-.73 

6.72 

-2.47 

.43 

-.37 

39.78 

36.62 

.74 

.72 

26.6S 

23.58 

.74 

.88 

138.34 

127.74 

.71 

.74 

8.54 

-.52 

.53 

-.46 

7.48 

-8.73 

-2,44 

-  9L 

67.15 

64.61 

.76 

!?3 

46.11 

44.16 

.85 

.87 

358.32 

337.82 

.75 

.95 

17.31 

1.86 

.22 

.14 

17.45 

-12.74 

-.48 

-.73 

177.16 

171.44 

.76 

,7S 

117.44 

147.38 

.74 

.72 

817.16 

722.8S 

.83 

.88 

75.41 

61.79 

.78 

.64 

34.11 

-6.78 

.35 

-.24 

448.53 

371.48 

.76 

.76 

272.35 

258.66 

.78 

.75 

1537.86  1373.87 

.71 

.89 

163.77 

78.73 

.26 

.48 

85.13 

21.29 

.56 

.25 

768.73 

726.41 

.73 

.94 

512.62 

471.37 

.77 

.76 

■DISTRIBUTION  COEFFICiniTfi 
PDCTI.  INa  SOIL  SOU  ONLY 
FACTO*  RATIO  DEC.  RATIO  DEC. 


.17 

127.29  87.56 

13.27  85.69 

.94 

123.72  87.54 

.67  3.77 

1.88 

65.45  89.12 

-.47-25,63 

.17 

548.83  89.87 

14.21  85.77 

.12 

614.34  89.94 

7.11  81.77 

.17 

124.43  89.54 

24.73  87.76 

.77 

97.83  89.43 

.66  3.43 

3.11 

32.17  88.22 

-.76-42.67 

.17 

424.24  89.86 

2S.  16  87.72 

.21 

34S.28  89.81 

7.44  82.35 

.42 

384.11  89.35 

127.45  87.55 

6.55 

38,37  88.51 

-.82-39.48 

.57 

68.24  87.16 

-1,12-48.36 

.14 

175.41  89.67 

18.64  86.93 

.16 

6S6.il  87.71 

31.86  88.28 

.17 

55.39  88.98 

25,56  37.76 

.47 

64.73  87.12 

-.22-12.51 

1  LA 

WMIf 

a  BA  Al  It 

601 /0  OQ.Q1 

m2 

.14 

315.25  89.82 

“Jl TL 

54.66  88.95 

,15 

175.21  87.67 

14.11  85.92 

.45 

45.87  88.75 

31.54  88.18 

.78 

18.64  86.93 

22  12.54 

1.48 

11.41  84.77 

-1.63-45,83 

.44 

114.41  87.54 

48.76  88.5? 

.46 

138.46  87.59 

26.51  87.84 

.17 

11.57  85.66 

9.54  84.61 

.22 

12.76  8S.57 

3.65  74.70 

.65 

13.48  85.76 

-.64-32.63 

.44 

83.75  87.32 

46.98  88.78 

.12 

198.25  87.71 

71.15  89.19 

.11 

22.16  87.6? 

17.92  87.13 

.74 

4.57  77.67 

l.SS  57.17 

.44 

7.74  82.64 

.94  43.22 

.07 

48.63  88.5? 

28.53  87.99 

.63 

126.26  87.55 

65.88  89.12 
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TABLE  68.  LEAD  FROM  ZINC  SECONDARY-REFINING  SLUDGE  ON  NICHOLSON  SOIL 


AMT.PEMETR.  WiT.RETD,  CUM, TOT.  CUM. TOT.  fKACTIOM  RETD.  DISTRIBUTION  COEFFICIENTS 

EXT.  -  THIS  EXT.  CHALLC.  RETB.  THIS  TOTAL  PEMETI.  INCL  SOIL  SOU  ONLY 


ura 

UG/ML 

UC/G 

U6/6 

UC/C 

U6/G 

EXTI. 

CHALLC.  FACTO! 

RATIO  DEC. 

RATIO  DEC. 

H 

9.47 

18.94 

I 

1.6S 

3.31 

IS.  64 

18.94 

15.64 

.83 

.83 

.17 

34.91  88.36 

4.74  78.88 

IX 

i.n 

S.47 

>2.14 

3.31 

-2.14 

-.66 

-.66 

1.66 

17.83  86.79 

-.48-21.61 

ui 

1.4S 

2.89 

2.S7 

S.47 

2.S7 

.47 

.47 

.53 

35.29  88.38 
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FIGURE  133.  COMPARING  FRACTION  NICKEL 
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.47 

.68 

1.89  62.11 

1.78  61.69 

.77 

.29 

5.72  81.88 

5.34  79.41 

.79 

.26 

6.37  8!. 18 

4.92  78.52 

.88 

.17 

13.17  85.43 

11.57  85.86 

.97 

.84 

42.41  89.18 

49.39  *.84 

.53 

.36 

4.44  77.84 

4.48  77.41 

.65 

.68 

4.18  76.22 

3.84  75.41 

.88 

.19 

9.98  84.28 

8.71  83.45 

.84 

.24 

11.37  84.98 

18.42  84.52 

.97 

.89 

76. IS  89.25 

64.67  89.11 

.55 

.41 

4.37  77.11 

4.27  76.82 

.46 

.32 

7.49  82.44 

7.18  82.47 

tro 

•34 

7.12  83.74 

5.28  53.85 

.85 

.13 

21.49  87.36 

28.44  87.21 

.96 

.84 

76.31  89.25 

68.84  89.16 

.59 

.29 

8.87  83.56 

8.72  83.46 

.64 

.44 

9.27  83.85 

8.94  83.62 

.11 

3.47 

.25  13.99 

.15  8.67 

.  8S 

.13 

30.11  88.89 

28.67  88.00 

.87 

.44 

9.29  83.86 

8.42  83.23 

.53 

.56 

2.76  70.06 

2.72  69.84 

.45 

.88 

1.38  54.38 

1.34  53.25 

.61 

.89 

11.24  84.92 

18.79  84.78 

.75 

.45 

4.89  78.44 

4.73  78.05 

.98 

.84 

67.21  89.15 

63.11  89.89 

.31 

1.71 

1.15  46.33 

1.03  45.85 

.37 

.74 

1.14  48.67 

1.11  48.37 

.48 

.63 

1.58  56.38 

1.46  55.63 

,57 

1.27 

2.59  68.91 

2.58  68.18 

.77 

.81 

5.74  80.12 

5.41  79.52 

»; 


TABLE  73.  ZINC  FROM  ZINC  SFCONDARY -REFINING  SLUDGE  ON  DAVIDSON  SOIL. 

AflTPOCII.  (WT.SETft,  Ctfl.TQT.  OW.TBT.  ytAgfZCM  ROD.  Jl&TAlBUTlllLJ3gEEIClEMlS— 

BT.  -  THIS  EXT,  (ms,  KT3.  THIS  TOTAL  PEKET8.  IMCL  SOIL  SOLH  ONLY 

Nfi.  Uta  US/ML  US/6  US/S  US/S  US/K  EXI*.  CHAUS.  FACTOR  SAT 10  KG.  RATIO  KG. 


y 

6l4.9ft2i9.93 

I 

S7i.7$iS7.46 

52,52 

1219. 

52.52 

11 

at.M  423.it 

734.2? 

754. 27 

m 

118.17  234.34 

166,65 

423.19 

£86.85 

MX 

373.41 

4*4.79 

3E.46 

Ml+ISl 

324.55 

443.33 

324.55 

8 

Sit. 14  957.48 

I 

329.77  989.36 

-31.82 

2*47.44 

21.71 

U 

373.7lil21.il 

-131.81 

2144.75 

612.44 

HI 

174.7X524.19 

594.91 

1544.29 

783.76 

Ml 

-81.81 

1183.73 

311.58 

I+1M11 

144.43 

722.49 

468,98 

3  8  178.Wil73.i2 


I  iS*.9*9«5.?7  167.61 _ 324^.88  1S8.3S 


II 

288 .95 

1215.94 

-?99,97 

3*52  73 

312.49 

Ill 

132.82'  794.89 

419.(5 

2751.23 

1192.81 

MX 

-66.16 

1621.54 

24S.42 

MMH 

92.24 

INI  .36 

561.22 

u 

125.7! 

Asm. 74 

I 

ill.  ft 

$342,29 

166.47 

4749.84 

354.82 

11 

96.9J 

■165,52 

178,77 

4395.12 

481.27 

III 

ill* 

1211.18 
-f — -  »■ 

3913.75 

1146.15 

MI 

172.62 

2374.92 

418,14 

I+II+III 

99.53 

1563.28 

664.75 

8 

4I.K 

4441, 70 

I 

52.  S 

1255.63 

185.17 

6191,54 

5SV.9I 

II 

54.11 

1344.11 

-68.48 

5651.65 

392.79 

III 

53.9: 

4294.42 

49.69 

525/.  86 

1195.84 

MI 

48.31 

3195.27 

466.34 

hii+iii 

48.76 

2163.51 

749.51 

y 

69.2! 

5(!324.I3 

i 

29.3 

1416.28  1913.75 

9514.57 

2453.64 

ii 

49.6 

48382.79  -972,51 

7868.93 

-579.72 

in 

17.73  851.82  1531.97 

7644.65 

2727.81 

MI 

471.62 

4757.29 

936,96 

MMU 

824.41 

3171.52 

1533.91 

.44 

.44 

.96 

.49  5.31 

.45  2.64 

.63 

,63 

.37 

1.87  61.81 

1.74  68.84 

.44 

44 

.56 

1.42  4S.66 

.79  38.33 

.*£ 

.65 

.35 

2.38  67.21 

1.86  61.73 

81 

.84 

.21 

6.21  84,86 

4.12  76.36 

-.43 

.41 

1.43 

.48  4.38 

.42  1.21 

-.13 

.28 

1.13 

.59  34.39 

.54  28.25 

.53 

.51 

.47 

1.64  58.44 

1.64  56.22 

-.17 

.29 

1.17 

.75  36.95 

.56  29.87 

.45 

.65 

.55 

3.63  74.59 

2.68  69.57 

.16 

.16 

.84 

.27  15.84 

.a  11.74 

-.33 

•i8 

i.33 

.38  16.51 

.2  14.88 

.34 

.43 

.66 

1.57  57.44 

1.58  S6.2S 

-.12 

.15 

1.12 

.59  38,52 

.41  22.15 

.26 

.52 

.74 

2.73  69.91 

2.11  64.67 

.11 

.17 

.89 

.31  16.98 

.a  14,81 

,13 

.11 

.87 

.44  24.74 

.41  22.47 

-.44 

.29 

i.M 

.99  44.79 

.95  43.44 

.23 

.18 

.77 

.91  42.23 

.72  35.78 

.21 

.42 

.81 

2.8S  63.96 

1.64  58.60 

.13 

.89 

.87 

.47 

25.35 

.43 

23.27 

-.17 

.87 

1.17 

.33 

18.43 

.a 

16.2? 

.14 

.23 

.96 

.97 

44.12 

.92 

42.73 

.17 

.15 

.93 

.86 

48.62 

.69 

34,76 

.11 

.34 

.91 

2.13 

63.74 

1.64 

58.78 

.58 

.26 

.42 

1.78 

68.66 

1.74 

60.11 

-.6? 

-.§8 

1.6? 

-.22- 

-12.42 

-.24- 

-13.67 

.64 

.36 

.36 

3.27 

73.01 

3.21 

72.68 

.28 

.21 

.72 

.88 

41.31 

,79 

38.18 

.74 

.48 

.26 

5.99 

88.52 

5.41 

79.52 

U 

a.  4)12855.55 

I 

24.44046.43  -291.88 

11571.13 

2162.76 

11 

S. 332142. 8?.  283.62 

9487.36 

-376.18 

Ill 

9.14  867.79  1275.82 

9783.47 

4882.83 

MI 

-43.63 

5785,86 

893.33 

MXftXX 

395.92 

3856.71 

1929.83 

-.14 

.19 

1.14 

.95  43.39 

.92  42.67 

.8? 

-.84 

.91 

-.15  -8.52 

-.18  -9.96 

.68 

.41 

.48 

4.68  77.93 

4.61  77.77 

-.84 

.15 

1.84 

.94  43.12 

.83  39.02 

.58 

.58 

.42 

7.24  82.14 

6.67  81.48 

?52 
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FIGURE  140.  WEIGHT  OF  ZINC  FROM  ZINC  SECONDARY-REFINING  SLUDGE  ON  DAVIDSON 


TABU  74.  ZINC  FROM  ZINC  SECON0ARY-REFIHING  SLUDGE  ON  NICHOLSON  SOIL. 


r. 


MT.racn. 


uw*  uc/c 


AHT.RET8. 
THIS  EXT. 

uc/c 


CUN. IDT. 
CHALLC. 
UC/C 


CUN. TOT. 

KTI. 

UC/C 


FRACTION  8ETP 
THIS  TOTAL 


EXTt. 


PENETR. 
CHALLC.  FACTOR 


DISTRIBUTION  COEFFICIENTS 
I NCI  SOIL  SOLI  ONLY 

RATIO  DEC.  RATIO  DEC. 


8  *44.7$2»?.?8 

I  97.24  *54.14  555.54 


U  71.44  144.45  4*7.43 
m  24,94  57.47  127.14 
UH  Sil.c? 

MMO  344.14 

4  317.1*  757.44 

I  IBM  m. 45  254.83 
9  1(7.42  92.35  371.41 

m  51.47  157.41  145.44 

MB  317.32 

mmii  s*4.4? 

1  124.2S  745.34  324.24 

K  7M4  m. 51 

1U  9.S4  s*7.33  £9.47 

Mt  324.9 

M*«H  2W.7S 

4 

2  57.74  714.78  m.SA 

II  31.5*374,3  344.57 

IK  U.44437.54  {33.74 

564.22 

Mil  *57. 87 

5  tf.l&448.?4 

I  48.59245.74  274.74 

W  1*.**  371.4*  775.48 

III  11.44  245.4$  124.44 

525.22 

Mil  3%.?4 

u  47.75fa24.e3 

I  22.2*864,5*  2257.47 

[I  2I.73g.SfS.a5  -29, If 

[II  18.45  581.77  593.88 

1114.19 

Mil  748.75 

U  a.4skf5SSS 

l  14.M91.48  673.8? 

I  12,39147.74  i?3,92 

II  8.18  785.38  442.3S 

II  433.fl 

+UI  423,39 


1287-94  S55.5I 

.44 

,44 

6S4.48  447.43 

.71 

.71 

184.85  129. IS 

.47 

.4? 

484.77  511.57 

.85 

.85 

483.33  384,11 

.75 

.95 

£147.4*  @11.53 

,27 

.37 

1355.73  844,23 

.54 

.62 

537.74  274.42 

.51 

.SB 

1483.73  828.88 

.66 

.74 

722.47  *58,77 

.14 

.78 

3241,18  1137.77 

.31 

.35 

2161.31  1178.74 

.44 

.54 

734.54  524.11 

.55 

.57 

16M.S4  1155.26 

.61 

.71 

1188.34  745.S4 

.82 

.88 

♦747,44  1931.44 

.52 

,41 

2418,21  1511.31 

.48 

.54 

1384.87  764.87 

.63 

.57 

2374.72  1721.47 

.75 

.72 

1553.28  1482.41 

.71 

.87 

6178.54  2286.48 

.1? 

.36 

3784.15  22*6.77 

.67 

.57 

1477.15  887.71 

.32 

.52 

3175.27  2246.49 

.73 

.73 

27*3.51  1774.37 

.82 

.87 

7514.57  4463.87 

.68 

.47 

5859.71  2257.71 

-.03 

.45 

2772.81  1483.5? 

.54 

.53 

4757.27  3348.87 

.67 

.71 

3171.52  2735.12 

.85 

.36 

11579.13  5137.74 

.33 

.44 

4432.3?  2451.83 

.14 

.38 

3781.56  1885.77 

.34 

.47 

5725,14  3774.78 

.42 

.66 

3856, /j  3158.51 

.62 

.52 

.54 

.76  43.72 

.85  48.32 

.29 

2.71  71.77 

2.51  68.22 

.31 

3.54  74.21 

2.24  65.74 

.15 

7.98  81.76 

5.48  77.65 

.95 

31. 65  88.17 

17.78  87.13 

.73 

1.26  51.64 

i. 16  47,16 

.44 

2.35  71.48 

2.62  67.12 

.49 

2.35  44.72 

1.87  61.87 

,34 

4.14  88.43 

5.13  78.78 

.14 

16.48  84.57 

12.41  85.37 

.67 

1.63  58.44 

1.53  56.82 

.54 

2.74  71.33 

2.78  71.23 

.45 

3.1?  72.51 

£.78  71.21 

.37 

4.28  88.84 

S. 47  77.68 

.18 

til. 53  S6.71 

14.78  86.18 

,48 

2.31  74.34 

2.67  67.44 

.52 

4.21  76.45 

4.12  76.42 

.37 

6.11  ftl  71 

C  vA  70  as 

.25 

7.74  84.24 

7.15  83.71 

.89 

35.48  88.37 

31.5?  88.13. 

.81 

1.76  62.73 

1.87  62.15 

.33 

6.15  88.62 

5.86  81.32 

.68 

3.63  74.61 

3.35  73.37 

.27 

12.28  85.34 

11.51  85.84 

,18 

22.82  87.47 

23.28  87.18 

.32 

4.26  76.78 

4.1?  76.56 

l.R3 

2,13  44.84 

2.96  64.12 

,46 

3.11  72.15 

2.76  71.31 

.33 

6.41  81. 13 

6.13  80.74 

.15 

17.67  84.77 

16.35  86.50 

.67 

3.77  75.15 

3.72  74.75 

.86 

2.13  64.82 

2.36  64.15 

.66 

2. SB  68,17 

2.41  67.3? 

.58 

6.64  81.44 

6.3?  8i.il 

.  38 

12.72  85,57 

12.86  SS.26 

OIL  RE-REFINING  WASTE 

Even  though  oil  Is  less  dense  than  water,  it  was  not  known  whether 
water  falling  on  an  oily  residue  in  a  pond  would  find  Its  way  down 
through  the  waste  and  relatively  efficiently  extract  the  water-soluble 
components.  The  water  instead  ;uay  extract  mainly  at  the  upper  surface, 
perhaps  roving  horizontally  as  run-off  to  soak  Into  the  adjacent  soil.  To 
obtain  an  estimate  of  the  difference  in  extractablllty  of  water-soluble 
components  under  extremes  of  conditions,  two  extraction  techniques  were 
applied.  One  portion  of  oil  re-refining  waste  was  extracted  by  vigorous 
staking,  such  that  a  suspension  of  tarry  curds  In  water  resulted.  The  other 
staple  of  waste  was  shaken  more  gently  with  water,  so  that  the  two  phases 
retained  more  as  layers.  (Both  mixtures  were  readily  filterable  with  vacuui... ) 
These  two  series  of  extractions  were  used  to  challenge  separate  sets  of  soil 
batches.  They  were  not  run  In  duplicate,  so  the  data  does  not  represent 
averages.  The  first,  vigorously  shaken  waste  Is  designated  as  A  In  the 
discussion  to  follow,  and  the  second,  layered  waste  and  water  is  labeled  B. 

This  oil  re-refining  residue  was  an  extremely  strong  emitter  of  what 
seeeed  to  be  sulfur  trioxide  fumes  so  the  work  was  performed  In  a  fume  hood. 
Although  the  extractions  were  conducted  In  closed  containers,  the  flltratlons 
were  performed  using  vacuum  an<<  no  attempt  was  made  to  quantitate  the  amount 
of  gaseous  pollution.  Only  that  which  was  extracted  by  water  was  detected, 
taid  then  Just  by  Its  contribution  to  the  acidity  and  conductivity. 

Water  which  had  been  vigorously  shaken  with  this  oil  waste  (Table  75, 
Figures  142  to  147)  was  strongly  acid  (pH  0.9)  and  had  a  very  high  conduc¬ 
tance.  The  less  well  mixed  sample  (Table  76,  Figures  193  to  198)  had  a 
conductance  in  the  Initial  extract  that  was  lower  by  a  factor  of  2.7  and  a 
pH  that  corresponded  to  a  hydrogen  Ion  concentration  that  was  less  by  a 
factor  of  2.5.  (This  can  be  calculated  from  the  pH's:  1.3  -0.9  ■  0.4; 
•ntllog  0.4  «  2.5.)  However,  as  will  be  seen  to  be  the  case  with  many  of 
the  elements  discussed  below,  the  conductances  Indicated  that  the  cumulative 
sum  of  the  microequivalents  of  dissolved  Ions  was  comparable  for  both 
extraction  techniques  by  the  end  of  the  seventh  extraction. 
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TABLE  75.  LEACHABILITY  OF  OIL  RE-REFINING  WASTE  EXTRACTED  BY  METHOD  A. 


Clamant  Initial  When  Concentration  Levels  Off  Total  Weight  Percentage 


Cone. 

(yfl/ml) 

Cone. 
(u9/m1)  . 

Extr 

hr. 

"  £xtrTVoT7 

Equiv. 

Days 

Extracted 
(yq/e  waste). 

Extracted 

Be  . 

0.01 

0.01 

7 

190 

520 

1.9 

- 

B 

20. 

1.1 

3 

11 

36 

53. 

c 

o 

ft 

Cd 

1.5 

O.Ol(LDL) 

S 

95 

308 

5.9 

*100. 

Cr 

5.0 

0.01 (LDL) 

5 

47 

150 

16. 

44. 

Cu 

3.0 

1.0 

2 

5 

16 

9.1 

16. 

Pb 

4.9 

1.3 

7 

190 

620 

368. 

16. 

N1 

1.4 

0.08 

3 

11 

36 

4.0 

>100. 

T1 

0.91 

0.12 

3 

11 

36 

3.6 

*100. 

Zn 

913. 

0.23 

7 

190 

620 

2740. 

»100. 

Measure¬ 

ment 

Initial 

Final 

Estlm.Tot.Extr. 

_  _ (w  cqulv/9) 

Conduct,  in  mho) 
pH 

333,000. 

0.9 

125. 

4.0 

12 

,000. 

TABLE  H.  LEACHABILITY  OF  OIL  RE-REFININ6  WASTE  EXTRACTED  BY  METHOD  B. 


Element 

f.aaii.i 

in  i via i 

When  Concentration  levels 

a  » 

UTT 

Total  Weight 

Percentage 

Cone. 

(yg/ml) 

Cone.  Extr. 
(uq/ml)  Nr. 

Extr.Vol. 

(ml/g) 

Equlv. 

Days 

Extracted 
(yg/g  waste) 

Extracted 

Be 

0.01 

0.01  7 

190 

620 

1.9 

- 

B 

4.0 

0.50(LDL)  5 

47 

150 

44. 

*100. 

Cd 

0.37 

O.Ol(LDL)  6 

95 

308 

4.8 

*100. 

Cr 

0.70 

0.01 (LDL)  5 

47 

150 

11. 

30. 

Cu 

1.0 

O.Ol(LDL)  2 

5 

16 

8.1 

14. 

Pb 

5.4 

8.0  7 

190 

620 

1131. 

48. 

N1 

0.24 

0.06  4 

23 

75 

3.2 

*ro. 

T1 

0.14 

0.35  3 

11 

36 

2.7 

*  90. 

Zn 

155. 

1.74  7 

190 

620 

2204. 

>>100. 

Measure¬ 

ment 

Initial 

Final 

Estim.Tot.Ext’\ 

(y  equlv/g) 

Conduct,  (y  mho) 

pH 

125,000. 

1.3 

667. 

3.1 

13,300. 

Tables  75  and  76,  and  Figures  148  and  199  show  that  both  extraction 
techniques  leached  beryllium  out  of  ell  re-refining  waste  at  the  same, 
extremely  low  concentration  level  (0.01  yg/ml).  A  total  of  1.9  yg/g  was 
extracted  by  w«fe?r  in  the  parallel  sequences  of  seven  extractions,  however, 
the  difference  between  the  two  extraction  techniques  caused  a  difference  in 
pH  and  concentration  cf  dissolved  materials  which  significantly  affected  how 
much  beryllium  gorged  from  the  soils.  (The  minus  signs  of  the  Cumulative 
Tot&t  Retained  column  of  Tables  77,  78,  79,  and  104,  105,  106  mean  that  the 
soils  were  giving  up  that  amount  of  beryllium,  This  is  also  seen  in  Figures 
150,  151,  152,  and  201,  202,  203.)  Table  77,  for  instance,  shews  that  by 
the  fourth  extraction  using  method  A,  the  amount  of  beryllium  displaced  from 
Ch*1&»sr$  soil  had  reached  a  maximum  such  that  the  solution  challenging  soil 
batch  I  caused  the  loss  of  1,10  yg/g  which  is  48  percent  of  the  2.30  yg/g 
originally  on  the  unexposed  Chalmers  soil  (Table  5),  the  solution  exiting 
toll  batch  I  caused  1.27  yg/g  or  53  percent  to  leave  soil  section  II,  and 
the  resulting  solution  left  soil  section  III  with  1,45  yg/g  or  63  percent  of 
•the  sell's  beryllium.  Davidson  soil  lost  65  percent  as  much  beryllium  as 
CltalMrf  soil  did  in  the  seven  extractions  by  method  A,  and  Nicholson  soil 
lost  124  percent  as  much  as  Chalmers  soil.  The  higher  pH  and  lower  conduc¬ 
tivity  of  the  solution  from  extraction  method  8  caused  the  loss  of  less 
beryllium  from  the  soil,  from  59  to  82  percent  as  much  as  was  observed  for 
set  A.  (Set  8  on  Chalmers  sell  suffered  a  mishap  after  the  first  extraction, 
so  the  remainder  of  that  data  Is  not  available.) 


The  f&et  that  the  aqueous  extract  of  this  oil  re- refining  waste  was  a 

?owerfu1  displacer  of  beryllium  from  these  soils  Is  further  shown  by  the 
ergo  minus  values  given  for  all  three  soll-to-waste  ratios  in  Figures  149 
and  200. 


Boron 

Boron  was  extracted  out  of  this  waste  by  method  A  to  yield  a  solution 
of  moderately  low  concentration  (20  yg/ml)  and  it  dropped  to  the  detection 
Tlwvfc  by  the  fourth  extraction.  A  total  of  59  ug/g,  or  approximately  10C 
percent  of  the  boron  in  the  waste  (refer  to  Table  11)  was  extracted  this  way 
(Tables  75  and  153).  Method  8  yielded  only  4  yg/ml  in  the  first  extract  but 
by  the  fifth  extract  a  total  of  44  yg/g  was  removed,  which  is  75  percent  of 
method  A  (Table  76  and  Figure  204). 

The  three  soils  behaved  very  similarly,  as  seen  in  Figures  154  to  157 
and  Tables  80  to  82  for  method  A.  Although  an  average  of  84  percent  of  the 
boren  was  removed  from  the  solution  in  the  first  extraction,  the  ability  of 
the  soils  to  remove  boron  dropped  rapidly  and  by  the  third  extraction  only 
59  percent  of  the  cumulative  challenge  was  retained  at  a  3:1  soT-to-waste 
ratio.  The  penetration  factors  larger  than  1.00  show  that  by  the  second 
extraction  the  soils  were  beginning  to  give  up  more  boron  than  was  in  the 
solution  challenging  that  batch. 

A  similar  pattern  is  s&an  in  the  samples  of  set  B.  Figures  205  to  208 
and  Tables  107  to  109  show  that  77  percent  of  the  boron  was  removed  from  the 
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first  extract  of  the  composition  produced  by  extraction  method  B.  By  the 
fourth  extraction,  57  percent  of  the  cumulative  challenge  was  being  retained. 

£§Mj£ 

Tables  75,  83,  to  85,  and  Figure  158  show  that  cadmium  was  found  at  a 
moderate  concentration  In  the  first  extract  from  this  waste  ( ' . 52  ug/ml)  but 
the  output  dropped  rapidly,  reaching  the  detection  limit  In  the  sixth  extrac¬ 
tion  by  method  A.  A  total  of  5.9  ug/g  was  extracted,  which  Is  approximately 
100  percent  of  the  cadmium  In  the  waste.  Extraction  method  B  produced  a 
solution  which  was  24  percent  as  concentrated  (0.37  ug/ml)  and  a  total  of  4.8 
mg/g  was  extracted  from  the  waste,  as  seen  In  Figure  209  and  Tables  76,  110  to 
112. 

The  composition  of  these  extracts  soon  caused  all  three  soils  to  give  up 
their  cadmium  (Figures  159  to  162  and  210  to  213).  The  solutions  resutlng 
from  challenging  the  soils  with  the  first  two  method  A  extracts  contained  mod¬ 
erate  concentrations  of  cadmium  (100  to  200  tlmos  the  SOWS)  and  by  the  time  the 
solutions  dropped  to  the  lower  detection  limit,  tho  analysis  Indicated  (by  the 
magnitude  of  tho  negative  values  In  the  cumulative  total  retained  column  and 
tho  appocranco  of  negative  distribution  coefficients  calculated  including  soil) 
that  more  cadmium  had  been  removed  from  tho  soil  then  It  had  originally  cont¬ 
ained  .  (This  Indicates  the  possibility  of  analytical  enhancement  by  the  sam¬ 
ple  matrix.  No  true  blank  could  be  made.  This  problem  could  be  studied  by  the 
method  of  additions.)  When  the  soils  wort  challenged  by  the  first  two  method 
B  extracts,  moderately  low  concentration*  of  cadmium  (20  to  50  times  the  SWDS) 
were  observed  In  the  resulting  solutions. 

Chromium 

A  moderate  concentration  of  chromium  (5  ug/ml)  was  found  In  the  Initial 
extraction  by  method  A,  but  It  fell  to  the  detection  limit  (0.01  ug/ml)  with 
the  fifth  extraction.  A  total  of  16  u9/9  was  extracted,  which  Is  44  percent 
of  the  total  present  In  the  waste.  (Table  75  and  Figure  163.)  Method  B 
removed  only  low  concentrations  of  chromium  (1.1  ug/ml  and  below)  yielding  a 
total  of  11  ug/g,  which  Is  30  percent  of  the  amount  in  the  waste  (Table  76 
end  Figure  214). 

The  challenge  to  the  soils  (W)  was  always  less  than  the  output,  showing 
that  the  composition  of  the  extracts  caused  release  of  chromium  from  the 
soils.  The  solution  from  method  A  caused  Chalmers  soil  to  lose  about  twice 
is  much  chromium  as  Davidson  and  Nicholson  soils  (Tables  86  and  88  and  Figures 
164  to  167).  The  cumulative  effect  of  five  extractions  by  method  B  resulted 
In  Nicholson  soil  losing  more  than  Davidson  soil.  After  this,  the  soil 
effluents  dropped  below  the  detection  limit  (Tables  111  to  115  and  Figures 
215  to  £.18). 

CSBBtT. 

Tables  75  and  76.  and  Figures  168  and  219  show  that  copper  wes  elutftd 
In  very  low  concentrations  (3.0  ug/ml  and  below),  giving  a  total  of  9.1  ug/g 
by  method  A,  which  Is  16  percent  of  the  copper  present  In  the  waste,  and  8.1 
ug/g  (14  percent)  by  method  B.  Figures  169  and  172  and  220  to  223,  together 
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with  Tables  89  to  91,  and  116  to  118  show  that  considerably  more  copper  was 
displaced  from  the  soil  than  was  present  In  the  series  of  waste  extracts: 
dunging  the  sign  of  the  Fraction  Retained  Total  Challenge  column  and  adding 
1.00  reveals  that  6.4  to  10.7  times  as  much  was  flushed  off  by  the  three 
isethod  A  solutions,  and  4.0  to  6.5  times  as  much  was  removed  from  the  soil 
by  three  method  B  extracts,  as  was  present  In  the  sols  Ions  challenging  the 
soils  at  a  3:1  soll-to-waste  ratio. 


Moderate  concentrations  of  lead  (up  to  8  yg/ml)  persisted  In  the  waste 
extracts  obtained  fey  both  methods  (Tables  75  and  76,  and  Figures  173  and  224). 
Totals  of  368  and  1131  yg/g  were  extracted  by  methods  A  and  B,  respectively, 
which  Is  16  to  48  percent  of  the  total  present  In  the  waste.  The  results 
were  somewhat  sporadic,  but  the  negative  table  values  and  the  histograms 
show  that  lead  was  released  from  the  soils  in  many  of  the  extractions  (Figures 
174  to  177  and  225  to  228,  and  Tables  92  to  94  and  119  to  121).  The  concen¬ 
tration  of  lead  In  the  soil  effluents  typically  were  moderate  In  the  first 
five  and  low  In  the  last  two  extractions. 

Hlckel 

Very  low  concentrations  of  nickel  (ranging  from  0.06  to  1.4  yg/ml)  were 
present  In  most  of  the  waste  extracts  (Tables  75  and  76,  and  Figures  178  and 
229).  Totals  of  4.0  and  3.2  ug/g  were  extracted  by  methods  A  and  B, 
respectively,  which  Is  over  100  percent  of  that  found  by  the  repeated  aqua 
regia  digestion  of  the  waste.  Figures  179  to  182  and  230  to  233,  and  Tables 
95  to  97  and  122  to  124  show  that  considerable  amounts  of  nickel  were 
displaced  from  the  soils  by  these  extracts:  5  to  21  times  as  much  as  was  In 
the  extracts  produced  by  method  A  and  4  to  11  times  as  much  as  In  the  method 
B  extracts.  The  concentration  of  nickel  in  the  soil  extracts  ranged  from 
1.2  to  21.5  yg/ml  by  method  A  and  0.4  to  2.5  yg/ml  by  method  B  before  the 
detection  Unit  was  reached. 

Titanium 

Very,  very  low  concentrations  of  titanium  (0.91  to  0.12  yg/ml)  leached 
cut  of  the  soil  re-refining  waste  (Tables  75  and  76,  and  Figures  183  and  234). 
Totals  of  3.6  and  2.7  yg/g  were  extracted  by  methods  A  and  B,  respectively; 
this  is  about  1D0  and  90  percent  of  the  titanium  content  of  the  waste.  These 
addle  leachates  removed  a  lot  of  titanium  from  the  soil  —  up  to  80  times 
more  than  was  present  In  the  leachetc  (Figures  184  to  187  and  ?95  to  238, 
and  Tables  98  to  100  and  125  .o  127). 

Zlm: 


Moderate  concentrations  of  zinc  were  found  in  the  Initial  extractions 
(913  arid  155  ug/ml)  but  they  dropped  to  very  low  concentrations  by  the  fifth 
extraction.  Totals  of  2740  and  2204  ug/g  were  extracted  by  the  two  methods; 
this  Is  ever  100  percent  of  that  found  by  the  repeated  aqua  regia  digestion 
of  the  tarry  waste  (Tables  75  and  76  and  Figures- 188  and  239).  Although  zinc 
was  retained  fey  the  soli  In  the  first  extraction.  It  generally  was  being 
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released  ajaln  throughout  the  remainder  of  the  series  of  extractions  (Figures 
169  to  192  and  240  to  243,  and  Tables  101  to  103  and  128  to  130). 


SiBBiry 

The  water  extracts  of  this  highly  acidic  organic  waste  contained  very 
low  to  moderate  concentrations  of  the  .aetals  of  Interest.  In  every  case,  the 
later  waste  extracts  caused  the  release  of  these  elements  from  the  soils. 
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TABLE  77.  BERYLLIUM  FROM  OIL  RE-REFINING  WASTE  ON  CHALMERS  SOIL  (A). 

NfT.fOCn.  AMT.IET3.  OJH.TOT.  OH.TOT.  fMfflttjgL  - 


EXT. 

m.  layer 

DOS  EXT. 
UC/6 

DMLiC. 

UC/6 

tm. 

uc/s 

THIS 

cm. 

TOTAL 

CHM16. 

pocn. 

FACTOR 

no.  soil 

RATIO  DEC. 

SOU  OUT 
RATIO  DEC. 

UCrtl 

Ufi/S 

1  8 

.11 

.12 

I 

.3* 

.73 

-.71 

.12 

-.71 

-35.11 

-35.11 

34.11 

2.17  45.44 

-.77-44.1? 

II 

.9 

1.1S 

-.42 

.73 

-.42 

-.51 

-.9 

1.58 

1.43  58.44 

-.37-21.22 

III 

.73 

1.4S 

-.31 

1.15 

-.31 

-.24 

-.24 

1.24 

1.37  53.73 

-.21-11.77 

MI 

-.57 

.11 

-.57 

•54.11 

-54.11 

57.11 

7.11  81.88 

-.98-44.47 

MMU 

-.48 

.11 

-.48 

-71.11 

-71.11 

72.11 

13.25  85.48 

-.77-44.41 

2  » 

.11 

.13 

I 

.11 

.31 

-.27 

.15 

-.78 

-7.11 

-17.41 

11.11 

4.34  77.17 

-3.23-72.81 

11 

.31 

.71 

-.41 

1.13 

-1.13 

-2.11 

-l.lt 

3.11 

1.41  54.41 

-1.13-48.58 

in 

.41 

1.21 

-.31 

2.14 

-.41 

-.33 

-.27 

1.33 

1.41  S4.42 

-.SI-24. 57 

MI 

-.44 

.13 

-1.88 

-27.11 

-37.81 

31.11 

7.71  82.77 

-2.21-4S.44 

MMII 

-.37 

.12 

-.87 

-37.11 

-51.81 

41.11 

14.72  84.17 

-2.14-4S.14 

3  V 

.a 

.14 

I 

.13 

.18 

-.12 

.11 

-1.11 

-2.11 

-7.71 

3.11 

4.41  81.38 

-4.14-81.42 

II 

.17 

.42 

-.24 

1.21 

-1.27 

-1.33 

-1,15 

2.33 

2.42  47.54 

-3.11-71.57 

III 

.17 

1.13 

-.a 

2.48 

-1.21 

-1.43 

-.47 

2.43 

1.14  44.54 

-1.18-47.44 

Ml 

-.18 

.14 

-1.17 

-4.11 

-21.34 

7.11 

14.17  84.44 

-5.41-77.87 

MMII 

-.32 

.14 

-1.21 

-14.11 

-32.27 

17.11 

14.41  84.54 

-3.48-73.77 

4  y 

.11 

.12 

I 

.11 

.12 

.11 

.23 

-1.11 

.11 

-4.74 

l.ll 

7.87  84.23 

-7.18-83.72 

II 

.11 

.12 

.11 

1.33 

-1.27 

.11 

-.75 

111 

d. 48  83.17 

-11.51-84.54 

III 

.ex 

.34 

-.24 

2.41 

-1.45 

-2.11 

-.54 

3.11 

2.33  44.73 

-4. 11-75.74 

Ml 

.11 

.12 

-1.17 

.11 

-11.22 

l.ll 

54.32  38.79 

-17.58-87.18 

MMII 

-n 

.18 

-1.28 

-2.11 

-14.48 

3.11 

44.41  88.77 

-11.53-84.57 

s  y 

.ii 

.24 

I 

.n 

.24 

.ii 

.47 

-1.11 

.11 

-2.32 

l.ll 

4.75  78.57 

-4.54-77.58 

II 

.n 

.24 

.it 

1.9 

-1.27 

.11 

-.11 

l.ll 

4.24  76.72 

-5.25-77.22 

III 

.n 

.24 

.ii 

2.85 

-1.45 

.11 

-.51 

111 

3.47  74.11 

-4. 11-81.54 

Ml 

.ii 

.24 

-1.17 

.PI 

-5.11 

l.ll 

28.14  87.77 

-7.77-84.17 

MMII 

.ii 

.14 

-1.28 

.11 

-3.14 

l.ll 

67.61  87.13 

-15.77-84.38 

4  y 

.ii 

.48 

i 

.n 

.48 

.ii 

.74 

-1.11 

.11 

-1.15 

l.ll 

2.47  67.77 

-2.27-44.23 

ii 

.n 

.48 

.it 

2.14 

-1.27 

.11 

-.42 

l.ll 

2.12  44.74 

-2.43-49.15 

in 

.ii 

.48 

.ii 

3.33 

-1.45 

.11 

-.44 

l.ll 

1.74  61.17 

-3. ID-71. 57 

MI 

.ii 

.48 

-1.17 

.11 

-2.47 

l.ll 

14.18  8S.74 

-4.71-78.44 

MMII 

.u 

.32 

-1.28 

.11 

-3.77 

l.ll 

34.81  88.35 

-7.71-82.78 

7  y 

.ii 

.77 

I 

.ii 

.77 

.ii 

1.73 

-l.il 

.11 

-.57 

l.ll 

1.24  51.14 

-1.14-48.63 

II 

.n 

.77 

.ii 

3.13 

-1.27 

.11 

-.42 

l.ll 

1.14  44.44 

-1.31-52.70 

III 

.ii 

.77 

ii 

4.31 

-1.45 

.11 

-.34 

l.ll 

.87  41.17 

-1.51-56.31 

MI 

.ii 

.74 

-1.17 

ID 

-1.23 

l.ll 

7.14  81.72 

-2.45-6V.7I 

MMII 

.it 

.44 

-1.28 

01 

-1.78 

1.19 

17.41  94.71 

-3.95-75.77 
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TABLE  73.  BERYLLIUM  FROM  OIL  RE-REFINING  WASTE  ON  DAVIDSON  SOIL  (A). 


HI. 

*.  LAYER 

AHT.PBCTt. 

MT.ICTI. 
THIS  EXT. 
UC/S 

CUN.TOr. 

(MIC. 

uc/c 

CW.TBT. 

rets. 

uc/c 

ratfnanCT. 

pdcti. 

FACTOR 

Ifc/tL 

UC/C 

THIS 

EXT*. 

TOT*. 

CNM1C. 

IMCL  SOIL  SOU  ONLY 

RATIO  DEC.  RATIO  DEC. 

i  u 

.11 

.12 

I 

.27 

.55 

-.S3 

.82 

-.53 

-29.88 

-29.68 

27.68 

4.93  77.81 

-.99-43.92 

11 

.37 

.TV 

-.24 

.55 

-.34 

-.44 

-.44 

1.44 

3.59  74.33 

-.31-17.11 

in 

.41 

.13 

-.84 

.7V 

-.84 

-.15 

-.65 

1.65 

3.93  74.91 

-.65  -2.79 

MI 

-.31 

.61 

-.58 

-38.68 

-3M8 

39.68 

14.51  19.69 

-.97-44.29 

wwn 

-.Z7 

.11 

-.27 

-48.68 

-4.1 .88 

41.66 

32.17  88,22 

-.78-44.2? 

2  y 

.11 

.13 

i 

.14 

M 

-.27 

.95 

-.88 

-9.81 

-15.61 

18.18 

7.43  82.34 

-2.93-99.21 

n 

.12 

M 

.24 

.91 

-.88 

.18 

-.18 

.28 

58.33  88.89 

-.11  -.16 

XU 

.25 

.74 

-.71 

.85 

-.74 

-11.51 

-.87 

12.58 

3.15  71.89 

-.97-44.23 

mi 

.13 

-.41 

-i.ti 

-15.81 

2.61 

188. IS  89.71 

-13.17-85.99 

MMII 

-.24 

.82 

-.51 

-24.81 

-38.48 

25.88 

34.21  86.33 

-2.63-43.74 

3  y 

.11 

.14 

i 

.17 

1.81 

-.77 

.11 

-1.77 

-19.81 

-15.91 

17.88 

1.24  51.23 

-1.72-59.74 

ii 

.K 

.31 

.73 

1.18 

.73 

.71 

.39 

.29 

12.47  85.41 

2.44  47.38 

hi 

.14 

.95 

-.55 

1.15 

-1.28 

-1.81 

-l.il 

2.81 

2.18  94.39 

-l.Si-59.S2 

MI 

-.12 

.89 

-.52 

-4.66 

-9.39 

5.88 

39.13  83.44 

-3.43-73.76 

MMII 

-.29 

.84 

-.77 

-13.18 

-21.91 

14.88 

29,92  88.87 

-2.7449.94 

4  ii 

.11 

.12 

1 

.11 

.12 

.84 

.23 

-1.77 

.81 

-7.91 

1.18 

18.58  84.99 

-14.58-89.18 

II 

.11 

.12 

.88 

2.88 

.73 

.81 

.39 

1.68 

31.17  88.16 

9  84  86.54 

III 

.12 

.24 

-.12 

1.27 

-1.41 

-1.18 

-1,18 

2.18 

9.7V  81.92 

-5.7V-88.2I 

mi 

.ii 

.12 

-.2 

.81 

-4.48 

1.86 

92.18  89.38 

-8.58-83.3$ 

MMU 

-.14 

.19 

-.81 

-1.66 

-11.52 

2.66 

183.19  89.44 

-11. 18-84.34 

s  u 

.61 

.24 

i 

.11 

.24 

.11 

.47 

-1.77 

.11 

-3.72 

1.89 

5.29  79.39 

-7.29-82. IV 

n 

.11 

.24 

.N 

2.24 

.73 

.88 

1.81 

15.58  S&.33 

3.81  71.S7 

in 

.?i 

.24 

.ii 

1.52 

-t.4l 

.11 

-.93 

1.89 

9.79  81.92 

-5.7V-8i.2l 

MI 

.11 

.24 

-.52 

.61 

-2.19 

1.18 

49.14  88.79 

-4.29-79.88 

mx«:ii 

.It 

.19 

-.11 

.61 

-5.15 

1.61 

103.19  89.44 

-16.18-84.34 

h  S 

.si 

.48 

i 

.St 

.49 

.88 

.99 

-1.77 

.11 

-1.84 

1.61 

2.95  99.29 

-3.95-74.94 

15 

.ii 

.49 

2.73 

.73 

.68 

.27 

1.99 

7.79  82.99 

1.58  59.31 

in 

<u 

.48 

.88 

2.11 

-1.48 

.66 

-.78 

1.10 

3.44  73.59 

-2.94-71.95 

MI 

.11 

.48 

-.52 

.18 

-i.§8 

1.86 

23.12  87.51 

-2.15-95.11 

Muni 

.18 

.32 

-.81 

.18 

-2.55 

1.68 

51.58  88.89 

-5.14-78.78 

7  ¥ 

Ji 

.V7 

t 

.11 

4ff 

.81 

i.n 

-1.77 

.19 

-.92 

1.16 

1.32  S2.91 

-1.82-91.25 

n 

.ft 

.81 

3.78 

.71 

.68 

.28 

1.61 

3.91  75.90 

.75  36.87 

*■ 

ii-  -i 

.it 

S? 

.11 

2.97 

-1.48 

.If 

-.47 

1.11 

1.78  59.56 

-1. 45-55. 37 

V  V  * 

«*  -  .i  * 

,1? 

.99 

-.52 

.88 

-.54 

1.16 

11.51  85.83 

-1. 67-47.61 

.94 

-.81 

.68 

-1.27 

1.68 

25.79  87.78 

-2.52-98.39 

TABLE  79.  BERYLLIUM  FROM  OIL  RE-REFININ6  WASTE  ON  NICHOLSON  SOIL  (A). 


EXT, 

m.  um 

mi.wm. 

MT.IETB. 
THIS  EXT. 
U6/B 

OH. TOT. 
CHALLC, 
UC/C 

CUN. TOT. 
SETS. 
UC/5 

FMCTION  IPS. 

PENET3. 
FACT  01 

THIS  TOTAL 
EXTI.  CHAU. 

inETSTOl  Son  onLt 
RATIO  SEE.  RATIO  SEE. 

\&m 

U£/E 

i  H 

.81 

.42 

I 

1.49 

-1.47 

.42 

-1.47 

-53.44  -53.44 

54.41 

2.44  43.41 

-.98*44.46 

U 

.73 

1.45 

-.34 

1.49 

-.36 

-.33  -.a 

1.33 

1.98  63.26 

-.25-14.44 

III 

.46 

1.31 

.14 

1.45 

.14 

.14  .14 

.94 

2.58  68.84 

.11  6.15 

I  ♦!! 

-.72 

.li 

-.72 

-71.14  -71.46 

72.44 

7.95  82.13 

-.99*44.64 

MMU 

-.43 

.41 

-.43 

-44.44  -44.44 

65.44 

21,29  87.31 

-.94-44.56 

2  » 

.11 

.43 

I 

.21 

.44 

-.41 

.45 

-1.48 

-24.44  -33.24 

21.44 

2.47  67.98 

-2.63-69.22 

11 

.47 

1.42 

-.79 

1.73 

-1.15 

-1.24  -.47 

2.24 

1.47  55.84 

-.H-38.96 

III 

.44 

1.79 

-.34 

2.88 

-.22 

-.24  -.48 

1.26 

1.69  S9.44 

-.12  -7.49 

MI 

-.74 

.43 

-1.41 

-44.44  -54.44 

47.44 

7.14  82.43 

-1.99-63.27 

inum 

-.59 

.42 

-1.42 

-58.44  -44.44 

59.44 

14.66  86.14 

-1.71*69.43 

3  s 

.41 

.44 

i 

.44 

.34 

-.34 

.11 

-1,98 

-5.44  -47.82 

6.41 

3.49  74.43 

-5.44-79.59 

Q 

.14 

.41 

-.24 

2.49 

-1,39 

-.47  -.47 

1.47 

3.46  71.92 

-2.31-66.54 

in 

.19 

1.15 

-.55 

3.48 

-.77 

-.94  -.22 

1.91 

2.16  65,12 

-.47-33.49 

mi 

-.27 

.44 

-1.49 

-9.44  -34.34 

14.44 

15.19  86.44 

-5.57-79.82 

MM1X 

-.34 

.44 

-1.38 

-18.44  -37.27 

19.41 

21.81  87.37 

-3.64-74.44 

4  U 

.41 

.12 

I 

.41 

.12 

.44 

.23 

-1.98 

.44  -8.S2 

1.44 

14.48  C4.S5 

-16.33-86.54 

11 

.42 

.24 

-.12 

2.21 

-1.52 

-1.44  -.48 

2  41 

7.16  82.45 

-6.25-81.91 

III 

.44 

,73 

-.41 

3,73 

-1,25 

-2,44  -.34 

v 

2.75  71.44 

-1.72-59. Si 

MI 

-.44 

.12 

-1.75 

-1.41  -15.14 

2.44 

39.21  83.54 

-14.42-86.43 

MMII 

-.24 

.48 

-1.58 

-5.11  -24.43 

6,89 

33.69  88.34 

-6.53-81.29 

5  9 

.41 

.24 

I 

.41 

.24 

.44 

.47 

-1.98 

.11  -4.17 

1.44 

5.24  79.24 

-8.17  63.42 

n 

.41 

.24 

.44 

2.45 

-1.52 

.18  -.62 

1.44 

7.14  82.45 

-6.25-81.91 

HI 

.41 

.24 

.44 

3.97 

-1.25 

.11  -.32 

1.44 

8.24  83.48 

-5.17-79.45 

MI 

.41 

.24 

-1.75 

.41  -7.36 

1.44 

39.21  88.54 

-14.42-86.43 

I+IMII 

.44 

.16 

-1.58 

.81  -11.46 

1.64 

141.48  09.43 

-19.58-87.48 

6  8 

.41 

.48 

I 

.41 

.48 

.44 

.96 

-1 .93 

.14  -2.46 

1.44 

2.62  69.11 

-4.48-76.24 

II 

.41 

.48 

.14 

2.94 

-1.52 

.44  -.52 

1.94 

3.58  74.39 

-3.13-72.26 

III 

.41 

.48 

.44 

4.45 

-1.25 

.84  -.20 

1.44 

4.12  76.36 

.9  CJLJLQ  01 
b  «  jv  oO  •  “ 

MI 

.44 

.48 

-1.7S 

.44  -3,64 

1.44 

19.6}  87.18 

-7.21-82.14 

MMII 

.44 

.32 

-i  .58 

.44  -4.95 

1.44 

54.54  88.87 

-9.79-84.17 

7  H 

.11 

.97 

I 

.41 

.97 

.44 

1.93 

-1.98 

.44  -1.43 

1.44 

1.31  52.65 

-2.14-63.94 

II 

.41 

.77 

.48 

3,91 

-1.52 

.44  -.39 

1.44 

1.79  64.84 

-1.56-57.38 

III 

.41 

.97 

.44 

5.42 

-1.25 

.84  -.23 

1.44 

2.16  64.11 

-i. 29-52. 25 

MI 

.48 

.96 

-1.7S 

.04  -1.81 

1.44 

9.84  84.18 

-3.64-74.49 

MMII 

.44 

.64 

-1.58 

.84  -2.46 

1.04 

25.27  87.73 

-4.94-78.46 
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FIGURE  154.  COMPARING  FRACTION  BORON  RETAINED  BY  SOILS  FROM  0*L  RE-REFINING 
HASTE  LEACHATE  (A). 
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TABLE  80.  BORON  FROM  OIL  RF-R£FIHj[J?6  H^5TE  ON  CHALMERS  SOIL  (A). 


MT.rasn.  Mtr.Rcn.  on. tot,  cuu.m. 

ay.  -  IHttOT.  oaxf. 

4.  UNO  IBM.  UC/C  UG/S  UBfl  IK'S 


MS  TftfAL  PQfTt. 
am.  QMLLfi,  FACT* 


8 

26.46 

46.26 

I 

7.1? 

14.34 

4.4 

U 

3.74 

7.4? 

4  87 

Ill 

3.13 

7.67 

,46 

MI 

14.47 

11.14 

8 

3.X 

11.21 

• 

* 

4.X 

12.73 

-1.51 

E 

2.73 

8.7* 

3.X 

XU 

2.53 

7.S8 

1.4 

MI 

1.21 

mmu 

Ml 

8 

Ml 

4.47 

I 

1.61 

4.4 

.41 

a 

MS 

9.17 

-3.13 

ra 

1,82 

il.M 

-1.82 

I4Q 

-Ml 

l*UHU 

-1.4 

4  I  <.»  <4.4 

2  CM  <4.4 

U  CM  <4.4 

m  Cm  <4.4 

i*n 

m 

i  »  CM  <12.12 

2  CM  <12.12 

U  <.M  <12.12 

m  Cm  <t2.i2 

MX 
1HX«UX 


4.86 

4.4 

.45 

.45 

.35 

14.14 

4,87 

.4 

.4 

.52 

7.47 

.4 

.IS 

.15 

.75 

21.4 

14.47 

.81 

.82 

.18 

U.M 

11.4 

.a 

.83 

.17 

52.61 

24.15 

-.14 

.4 

1.14 

27.67 

11,4 

.31 

.4 

.47 

14.4 

1.42 

.14 

.16 

.84 

4.4 

17.31 

.22 

.49 

.78 

17.34 

12.4 

.32 

.72 

.48 

M.48 

25.55 

.67 

.4 

.71 

13.13 

7.78 

-.58 

.23 

1.56 

IMS 

-.26 

-.26 

-.61 

1.4 

27.34 

4.47 

-.31 

.57 

1.34 

17.14 

11.4 

-.4 

,4 

1.4 

TNt  rtmaithitr  of  the  tabic 
was  not  cal  cilia  tea  because 
the  concentrations  were 
below  the  detection  limit. 


i  8  <.M  <4.24 

l  CM  <4.24 

n  Cm  <4.24 

HI  CSS  <24,4 

MI 

i  *n*nx 

7  S  C&<&.43 

I  CM  <42.4 

ii  CM  <42.41 

HI  CM  <48.41 

MI 

MMU  1 


lBBBffm  ggr  fflfBL, 

IlCl  SOIL  SOLI  ONLY 
MTIB  K6.  I  AT  IQ  S3. 


1.17  n.n  i,K  41.54 
3.4  72.75  .72  42.SJ 
2. S3  43.CS  .4  3.2? 
13.23  65.64  4.4  77,34 
27. 85  $7.4  4.-/  76.14 


3.34  73.31  1.74  42.77 
3.22  72.7S  1.23  SI.4 
1.8  4 P.M  .21  12.64 
12.14  85.25  4.17  74.lt 
25.73  87.7?  4.73  78.54 


7.16  81.79  4.22  74.44 
2.78  76.22  M  46.SS 

1.17  57.74  -.62  -1.64 
11.37  84.77  3  47  74.74 
17.48  4.73  3.64  71.77 
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TABLE  81.  8OR0N  FROM  OIL  RE-REFINING  WASTE  ON  DAVIDSON  SOIL  (A). 

MT.reint.  MT.tfn.  an.  tot.  an. tot.  nwcnow  ins.  Disnuunw  coefficients 

OT.  -  TWI  EXT.  CNMlfi.  KTB.  THIS  TOTtt.  **TI.  SCI  SOU.  SOLI  OUT 


i«.  um 

tt/% 

UC/C 

UC/C 

UC/C 

UC/6 

cm. 

QMLLC.  FACTOR 

ratio  oa. 

RATIO  DEC. 

i  i 

N.N 

48.M 

I 

4.34 

il.73 

N.N 

44.14 

21.  M 

.47 

.47 

.31 

4.44  77.17 

2.21  4S.42 

n 

4. SI 

7.17 

3.44 

il.73 

3.44 

.27 

.27 

.71 

3.47  73.72 

.43  21.14 

QI 

3.74 

7.47 

1.41 

t.lf 

1.41 

.18 

.11 

.12 

3.75  75.77 

.22  12.24 

mi 

1S.I4 

28.44 

1S.64 

.71 

.71 

22 

15.77  14.37 

3.47  74.41 

i«u«m 

it  it 

il.44 

11.11 

.6 

.K 

.11 

31.44  M.47 

4.44  77.34 

2  «8 

3.74 

kl.Si 

T 

S.1S 

1S.4S 

•4.14 

a.  ii 

23.64 

-.36 

.44 

1.36 

3.35  73.37 

1.S4  57.44 

n 

i.n 

4.14 

U.H 

78.18 

•\S 

.73 

.53 

.27 

14.46  64.33 

3.54  74.4$ 

m 

tn 

4,47 

£.42 

13.33 

-.« 

-.57 

-.14 

1.57 

4.44  74.16 

-.12  -4.71 

ME 

3.46 

14.11 

17.34 

.42 

.74 

.31 

15.43  «.3i 

7.12  13.74 

MMQ 

1.S2 

17.34 

12.43 

.41 

.73 

.57 

43.35  N.46 

S.4I  61.12 

3  I 

i.ii 

4.47 

I 

I.N 

tt.il 

-B.4S 

9M 

11.36 

-K 

.3i 

1.12 

3.12  75.33 

1.52  54.41 

U 

1 M 

7.1? 

41.34 

17.47 

.44 

.47 

.44 

4.54  H.31 

2.71  47.73 

m 

IM 

♦.71 

28.44 

-2.23 

-.33 

-.14 

1.33 

2.54  46.54 

-.33-16.43 

MX 

-.38 

17.34 

17.S4 

-.17 

.41 

1.77 

24.56  17.22 

S.24  77.17 

I*Q4KI 

-i.li 

17.54 

11.42 

-.41 

.57 

1.45 

27.47  N.44 

3.57  74.45 

4  I 

<.» 

<4.14 

I  <M  <4.44 

a  .m  7.is 

in  c.n  a.* 

Hi 

XHMn 

5  I  ( .» <  i2.il 

i  <.»<  tt.u 

U  ( .SI  ( il.il 

ui  (.si  ru.it 

i«n 

i*imxi 

i  i  (.»<».« 

I  (.56(14.24 

U  (,S6(*3.*4 

m  <.S4<14.1< 

mi 

i*n»nx 

7  I  (.Mf  46.46 

I  (.58  (43.4$ 

U  (.Sl<4£.« 

Ul  (,»<«J.44 

HI 

1411*1X1 
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T&SU  82.  BORON  FROM  OIL  RE-REFINING  WASTE  ON  NICHOLSON  SOIL  (A). 


jjtiot.  muw.  cajor.  agmmi,  juaaiim otmuaga . 

ir  u-m  ™S:JrT‘  this  tith  poct*.  wa  soil  sou  qnlt 

U«  MUWL  KgtS/6  UE/E  UE/S  OT1.  OMLLC.  FCTBI  RATIO  DEE.  RATIO  ICE. 


2f.9  41.11 


I 

3.54 

U.li 

27.47 

41.9 

27.47 

u 

4.14 

t.a 

7.10 

U.li 

2.9 

III 

2.73 

5.45 

2.13 

1.9 

2.9 

HU 

14.1b 

9.41 

14.9 

HIHUI 

11.71 

13.41 

11.71 

•73  .  73  .  27  4.37  77.12  2.47  47.47 
•S  ,25  .  75  2.42  47.13  .  34  II. IS 
•34  .34  .44  3.71  75.71  ,S2  27.41 
•*  M  .21  13.14  IS. 42  3.73  75.71 
•S7  .17  .13  37.47  N.4I  4.41 11.23 


• 

3.74 

U.9 

I 

1.74 

U.Jtt 

.9 

U 

1.9 

U.9 

-.41 

m 

3.11 

7.9 

2.42 

m 

-.9 

hi mu 

.41 

8.81  27.47  ,H  .57 
22.B  2.22  -.15  .11 
21.11  S.25  .21  ,24 
34.  U  15.94  -.15  .a 
17.34  12.37  .U  .71 


l.M  4.33  77.11  2.45  47.32 
1.15  1.77  41.77  .17  1I.4S 
•77  2.57  41.75  .54  27.21 
1.15  7.11  83.73  2.71  47.41 
.•4  22.17  17.41  3.74  75.12 


1  •  l.ll  4.47 

t  1.11  447  .11 

n  .71  4.24  2.42 

OX  1.11  4.47  -f.42 

HO  1.21 

hd*iu  M 


58.42  29,47  .11  ,51 

9.9  4.4S  .34  .14 

84.34  2.n  -.57  .12 

87*34  17.1?  .34  .57 

17.54  12.37  .M  .41 


l.ll 

7.27 

12.17 

4.45 

77.35 

.44 

5.S5 

77.77 

l.ll 

47.41 

1.57 

3.9 

72.74 

.42 

22.77 

.44 

21.72 

17.77 

l.ll 

82.74 

l.N 

31.17 

9.14 

5.9 

77.0 

4  R  (.9(4.14 

t  (.51  (  4.14 

U  (.9(4.14 

01  (.9(4.14 

hu 
xhhiu 


3  «  (.9(12.12 

I  ( .9  (12.12 

U  ( .9  (12.12 

01  (.9(12.12 

Htt 

hu*ui 


4  I  (.9(21.24 
I  (.9(24.24 

0  (.9(24.24 

UI  (.9(24.24 
HO 
ho«iq 


7  2  (.9(41.48 

I  (.9(41.41 
IX  (.9(41.41 
IO  (.9(42.42 
HU 

HIHUI 
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£  mmm  frch  oil  re-re™?®  haste  m  gialmers  soil  (a). 

MfT.fETC.  Oft. TOT.  CW.FST.  flMCnSR  RETS.  BISTtTlUTIflN  C 


.n  .« 

*■  .It  <  .24 
< -.It  <  .24 
;  .11  <  .24 


<  .11  <  M 
M  3.S8 

<  .11  (.48 

(  .11  <  -43 


'S&fltL 

l&G 

THIS  EXT. 
Ufi/S 

DULLS. 

UE/6 

urn. 

us/s 

TSIS 

mi. 

TOTAL  THCT. 

sms,  mis* 

m  son 

RATIO  DEE. 

sou  m.r 

RATIO  DEE. 

i.S 

3,51 

IM 

1.13 

-.24 

3.93 

-.21 

-.17 

'.97 

1.17 

.19  5.27 

'.14  -3.58 

S-42 

iiU 

3.23 

.N 

.10 

.91 

l.ii 

.15  1.79 

II  .18 

?4» 

4,P 

3.23 

-l.lt 

-.31 

-.31 

1.31 

-.12  -4.84 

-.24-13.39 

-.11 

1.S2 

-.11 

-.87 

-.1? 

1.17 

.54  29.19 

-.M  "3.58 

-.44 

1.51 

-.a 

-.41 

-.a 

i.4l 

.78  37.78 

“.29-15.95 

.42 

1.27 

.51 

1.73 

4.31 

-.a 

-.34 

-.15 

1.34 

-.89  -318 

-.38-21.81 

.71 

2.33 

-.a 

4.94 

-.a 

-.35 

-.12 

1.35 

-.85  -2.41 

-.24-14.54 

l.ii 

z.i& 

-l.ii 

S.S7 

-2.11 

-.43 

-.34 

1.43 

-.4^24,37 

-.40-31.19 

-  S3 

2.1S 

-.43 

-.83 

-.29 

1,13 

.32  17.54 

-.54-28.42 

-.If 

1.43 

-i.lf 

-1.42 

-.74 

2.42 

.37  23.22 

-.98-44.47 

.14 

.6 

.U 

.77 

.M 

S.iS 

-.41 

.17 

-.12 

.93 

-.12  -IM 

-.7Sr37.il 

1.39 

-.a 

S.7S 

-1.21 

-.77 

-.21 

1.77 

-.51-27.94 
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FIGURE  160.  WEIGHT  OF  CADMIUM  FROM  OIL  RE-REFINING  WASTE  ON  CHALMERS  SOIL  (A) 
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FIGURE  161.  WEIGHT  OF  CADMIUM  FROM  OIL  RE-REFINING  WASTE  ON  DAVIDSON  SOIL  (A) 
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FIGURE  164.  COMPARING  FRACTION  CHROMIUM  RETAINED  BY  SOILS  FROM  OIL  RE 
REFINING  WASTE  LEACHATE  (A). 
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{•®7 

IV 

.  n 

( .97 

THIS  DTT.  QtBLLfi.  I£T». 

l*/v  uc/s 


THIS  TOTAL  rtiCH!, 
DTI.  CHALLfi.  FACTOR 


PISTIIMIQH  COEFFICIENTS 
IWL  SOIL  SOU  OUT 
RATIO  DEC.  RATIO  DEC. 


9.98  -9,78 

-.98 

-.98 

1.98 

1 . 19  49.94 

-.49-26.33 

19.57  -4.|? 

-.25 

-.25 

1.25 

1.1S  49.13 

-.28-11.22 

24.44  9.5? 

.37 

.37 

.63 

2.74  69.96 

.S9  31.63 

4.95  -7.27 

-1.47 

-1.47 

2.47 

4.81  78.24 

-.68-31.75 

3.31  -1,82 

-.55 

-.55 

1.55 

18.99  84.99 

-.36-19.S6 

13.53  -17.33 

-2.25 

-1.32 

3.25 

1.28  52.11 

— 1  .Si-  -m.53 

31.41  -9,39 

-.38 

-.38 

1.31 

1.44  55.27 

-.57-29.84 

♦•.•a  -.si 

-.57 

-.81 

1.57 

1.27  51.77 

-.11  -.67 

4.7 y  -13.44 

-3.51 

-2.81 

4. SI 

6.41  81.12 

-i. 67-59. 44 

4.51  -f .19 

-4.18 

-2.14 

7.18 

11.46  84.54 

-1. 17-44.95 

15.41  -22.44 

-2.55 

-1.47 

3.55 

l.SS  57.18 

-3.48-73.61 

38.11  -13.43 

-.44 

-.34 

1.64 

1.78  63.61 

-1.25-51.34 

51.71  -9.39 

-.83 

-.18 

1.83 

1.18  49.73 

-.47-25.16 

7.71  -18.15 

*4.81 

-2.36 

5Ji 

8.77  S3. SI 

-3.33-73.27 

5.14  -15.23 

-9,65 

-2.94 

11.45 

12.57  85.45 

-2.20-66.36 

15.98  -23.27 

-1.25 

"1.46 

2.3 

8.92  83.61 

-21.33-87.32 

39.17  -16.14 

-2.22 

-.41 

3.22 

4.82  78.28 

-4.57-77.65 

55. Zi  -16.38 

-1.97 

-.38 

2.97 

1.61  S8.r 

-1.56-57.48 

I.Ti  -19.46 

-4.25 

-?.47 

7.25 

26.37  87.83 

-U.  19-84.67 

5.31  -18.54 

-a. si 

-3.58 

21.51 

23.16  8*/. 53 

-5.34-79.3 9 

Mi 

X+IMII 
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F/GURE  168.  EXTRACTION  OF  COPPER  FROM  OIL  RE-REFINING  WASTE  (A). 


C  -  Chalmers 
D  -  Davidson 
N  -  Nicholson 


FIGURE  169.  COMPARING  FRACTION  COPPER  RETAINED  BY  SOILS  FROM  OIL  RE-REFINING 
WASTE  LEACHATE  (A). 
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TABLE  89.  COPPER  FROM  OIL  RE-REFININ6  WASTE  ON  CHALMERS  SOIL  (A). 


ANT.PttETR.  tfST.RETD.  CUfUQT,  CWU8Y.  FtATTXOM  RETS.  PISTBIBUTION  COEFFICIENTS 


EXT. 

*.  lira 

UC/HL 

UC/6 

THIS  EXT. 
UC/6 

CHILIS. 

US/S 

reto. 

U6/6 

THIS 

ext*. 

TOTH  PEHETI. 
CHILLS.  FACTO! 

INGL  SOIL 
RATIO  OK, 

SOU  ONLY 
RATIO  OK. 

l  u 

3.13 

4.14 

i 

9.19 

18.18 

-12.12 

4.14 

-12.12 

-2.11 

-2.11 

3.11 

.SI  24.79 

-.67-33.69 

E 

8.16 

14.14 

2.12 

13.18 

2.12 

11 

.11 

.89 

1.44  SS.28 

.13  7.13 

m 

21.21 

41.41 

-24.24 

16,14 

-24.24 

-l.SI 

-l.SI 

2.51 

-.17  -4.16 

-.61-31.96 

MX 

-S.IS 

3.13 

-S.IS 

-1.47 

-1.47 

2.47 

4.6S  77.84 

-.63-32.11 

Mi*in 

-11.4S 

2.12 

-11.45 

-5.47 

-S.47 

4.47 

3.91  75.41 

-.85-41.36 

2  H 

i.ll 

3.33 

I 

2.12 

4.14 

-3.13 

9.19 

-IS. IS 

-I.ll 

-1.47 

2.11 

1.11  4S.42 

-2.SI-48.2I 

II 

S.IS 

IS.  IS 

-9.19 

’,.24 

-7.17 

-l.SI 

-.29 

2.51 

.94  43.21 

-.47-25.12 

III 

8.M 

24.24 

-9.19 

31.31 

-33.33 

-.41 

-1.14 

1.41 

-.SI-24.39 

-1.38-53.97 

MX 

-4.14 

4.55 

-11.11 

-4.11 

-2.44 

S.ll 

4.16  74.47 

-1. 47-55. 71 

1+II+III 

-7.17 

3.13 

-18.52 

-7.11 

-4.11 

8.11 

S.42  79.91 

-2.29-44.43 

3  y 

<•11 

(.14 

i 

(.11 

(-14 

.11 

9. IS 

-iS.iS 

.11 

-1.44 

1.11 

112. SI  89.44 

-2S2.SI-89.77 

ii 

i.ll 

4.44 

-4.11 

24.31 

-13.17 

-111. II 

-.54 

111. 

1.34  53.43 

-2.ife-4S.12 

in 

3.C3 

11.11 

-12.12 

37.37 

-4S.4S 

-2.11 

•1.22 

3.11 

-1.33-53.13 

-2.51-68.21 

MI 

-3.11 

4.57 

-14.11 

-111  It 

-3.18 

111. 

9.41  83.93 

-4.66-77.88 

I+IMII 

-4.M 

3. IS 

-24.56 

-312.11 

-8.IS 

313. 

6.49  81.24 

-4.IS-76.14 

4  U  (.11  <.12 

I  <.lt  (.12 

II  <  .11  <  .12 

III  (.11  <.12 

I+IMII 

5  tt  (.11  <.24 

I  <  4.  <  .24 

II  <.!1  <.24 

III  <.S1  <.24 

MI 

I+IMII 

6  y  <Ji  <.48 

I  ( .11  (.48 

II  (  .11  ,  .48 

III  ( .fil  <  .48 

MI 

I+II+III 


The  remainder  of  the  table 
was  not  calculated  because 
the  concentrations  were 
below  the  detection  limit. 


7  v  <  .11  <.% 

I  <  .11  <  .94 

II  <  .11  <  .94 

III  <  .11  <  .94 

MI 

I4IMII 
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w  i  n  m 

FIGURE  170.  WEIGHT  OF  COPPER  FROM  OIL  RE-REFINING  WASTE  ON  CHALMERS  SOIL  (A) 


TABLE  90.  COPPER  FROM  OIL  RE-REFININ6  WASTE  ON  DAVIDSON  SOIL  (A). 


EXT. 

m.  LAYS 

ANT.78CT2. 

ANT.RCT1. 
THIS  EXT. 
UC/6 

CUR. TOT. 
CHAI16. 
UE/6 

CUR. TOT.  FRACTION  RETS. 

RET*.  THIS  TOTAL  POCTR. 

t£/S  DTI.  CHAULfi.  FACTOR 

U6/K 

UE/S 

1  8 

3.13 

4.14 

I 

12.12 

24.24 

-19.18 

4.84 

-18.18 

-3.81 

-3.18 

4.11 

11 

IS.  IS 

38.31 

-4.84 

24.24 

-4.84 

-.25 

-.25 

1.75 

III 

23.23 

44.44 

-14.14 

38.38 

-14.14 

-S3 

-.53 

1.53 

MI 

-12.12 

3.83 

-12.12 

-4.81 

-4.18 

5.88 

MMII 

-13.47 

2.82 

-13.47 

-4.47 

-4.47 

7.47 

2  8 

1.11 

3.83 

I 

3.13 

7.87 

-4.84 

7.87 

-24.24 

-2.88 

-2.47 

3.68 

II 

1.11 

3.83 

4.84 

33.33 

.M 

.47 

.H 

.33 

HI 

7.87 

27.27 

-24.24 

33.33 

-48.48 

-8.88 

-t.a 

7.88 

MI 

.M 

4.55 

-12.12 

.N 

-2.47 

l.W 

MMII 

-8.88 

3.83 

-a.ss 

-8.88 

-7.11 

7.88 

3  8 

(.11 

<.84 

I 

4.14 

34.34 

-34.38 

7. IS 

-48.54 

-485.11 

-4.42 

484. 

11 

2.12 

12.12 

24.24 

47.47 

24.24 

.47 

.35 

.33 

III 

4.14 

24.24 

-12.12 

45.45 

-52.52 

-1.88 

-1.14 

2.88 

MI 

*4.83 

4.S7 

-18.15 

-281.88 

-3.77 

282. 

MMII 

-8.84 

3.SS 

-27.41 

•413.88 

-7.71 

484. 

Disnnunon  coefficiemts 

INQ.  SOU  SOU  ONLY 
RATIO  KB.  RATIO  DEE. 


2.34  44.82  -.75-34.87 
2.27  44.21  -.21-11.31 
1.24  51.41  -.35-17.18 
7.17  83.71  -.81-38.44 
13.42  85.81  -.87-41.11 


S.S4  77.81  -2.47-47.44 
24.47  87.48  .11  ,|| 

1.24  51. SV  -1.48-5S.78 
71.75  87.37  -8.W-82.87 
22.32  87.43  -2.37-47.13 


.37  21.41  -i. 47-57. II 

8.17  83.12  2.W  43.43 

.72  42.57  -2.17-45.22 

a.47  87.34  -3.W-71.S4 

24.11  87.42  -3.44-74.74 


4  8  (.11  Cl2 

I  U1  <.12 

II  (.11  <.12 

III  1,11  12.12 

MI 

MMII 


5  8  (.11  (.24 

I  (.11  <  .24 

II  (.11  ( .24 

III  (.11  ( .24 

I*II 

MMII 


4  U 

(.*1 

(.48 

I 

(.31 

(.48 

II 

(.11 

(.48 

III 

MI 

MMII 

(.11 

(.48 

7  V 

(.11 

(.74 

I 

Ml 

(.74 

II 

(,ll 

(.74 

III 

MI 

MMII 

(.11 

(.74 
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TA8LE  91.  COPPER  FROM 

ANT.TOkTJ.  INT.ET8. 
Of.  -  IMS  EXT. 

a.  um  mm.  ue/b  ts/c 

1  »  3.11  4.14 

1  7.17  14.14  -I  .If 

U  11.12  24.24  -H.il 


OIL  RE-REFINING  HASTE  ON  NICHOLSON  SOIL  (A). 
GW-TOT.  QjjLTar.  EMETHHKTB,  JISTiaiTIMfl 

QNlifi.  KTl.  THB  TOTAL  PCNETt.  ltd  SOIL 
Wl  EXTI.  OMLL6.  FACTOR  RATIO  DEB. 


III 

1 .88 

14.14 

I.N 

24.24 

MI 

-7.17 

3.13 

i*n«n 

-3.37 

2.12 

2  « 

1.81 

3.13 

t 

3.83 

7.87 

-4.14 

7.87 

n 

4.14 

12.12 

-1.13 

23.23 

UI 

8.88 

24*24 

-12.12 

a.a 

ua 

-4.55 

4.55 

mmu 

-7.17 

3.13 

3  8 

<.81 

<.84 

I 

<.81 

<.84 

.14 

7.15 

U 

1.81 

4.84 

-4.H 

23.27 

UI 

3.13 

11.11 

-12.12 

42.42 

M2 

-1.88 

4.57 

MMII 

-4.14 

3.85 

4  8 

<  .81 

<.12 

I 

<  .81 

<  .12 

a 

<'.8t 

<  .12 

in 

1.81 

12.12 

Uff 

mmu 

S  8 

<M 

(.24 

I 

(.81 

(.24 

u 

(.81 

(.24 

UI 

(.81 

<.24 

MI 

MMII 

4  8 

(.11 

(.41 

I 

(.81 

(.48 

U 

(.11 

(.41 

UI 

(.11 

(.48 

MI 

MMII 

7  8 

(.M 

( .74 

I 

(.It 

(.74 

U 

(.M 

( .74 

III 

(.11 

( .74 

4.14  -i.H 

14  14  -H.il 


•14.14  It 
•17.13  -1N.M 
*14.14  -2.11 
-14.44  -1H.N 
•14.41  -312.11 


-1.54  3.11 
*.S7  1.33 
-.11  2.11 
-3.H  4.N 
-3.44  Ml 


-1.55  l.ll 
-.6  Hi. 
-a  3.ii 
-3.44  383. 
-3.41  314. 


1.18  47.41 
.41  31.14 
2.13  43.74 
3.33  73.27 
13.13  8S.4S 


1.14  41.21 
.75  43.47 

.85  41.44 

S.7I  N.a 

7.88  82.77 


SOU  ONLY 
RATIO  DEB. 


-.57-27.74 
-.42-22.42 
.51  24.57 
-.75-34.17 
-.43-32.11 


-1 .54-57.24 
-1.14-47.27 
-.17  -7.44 
-2.25-44.  M 
-1.27-52.25 


174.H  87.47  -Z3S.47-89.74 

.72  42.57  -3.14-72.42 

.47  25.14  -.87-41.43 

18.81  *4.72  -5.47-77.48 

7.51  84.11  -2.72-47.fl 


MI 

MMII 
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FIGURE  173.  EXTRACTION  OF  LEAD  FRO*  OIL  RIE-kcfINING  HASTE  (A). 


EXT. 

M. 


TA8LE  92.  LEAD  FROM  OIL  RE-REFINING  WASTE  ON  CHALMERS  SOIL  (A). 

— SJn?'  Kvm  ifflHim  COEFFICIENTS 

.  ...  inis  HI.  uttLLfa.  KTI.  THIS  TOTAL  PEJCT! ,  IMH  Sflll  cry  y  rut  v 

LATQ  UC/M.  U6/C  JQ/C  UC/C  UC/C  EXT*.  CKALLC.  FACT®  RATIO  DEC.  RATIO  DEC. 


1  u 

4.94 

9.89 

I 

6.38 

12.74 

-2.87 

9.89 

-2.87 

II 

.11 

.21 

12.56 

12.76 

12.54 

III 

31.36 

42.72 

-42.52 

.21 

-42.52 

2*11 

4.84 

4.94 

4.84 

MMIl 

-17.41 

3.34 

-17.41 

2  8 

S.IS 

17.54 

I 

2.49 

7.47 

11.14 

27.45 

7.22 

11 

4.33 

18.99 

-11.52 

21.23 

1.44 

III 

9.24 

27.71 

-8.71 

19.19 

-71.23 

1*11 

-.71 

13.73 

443 

wwu 

-3.38 

9.15 

-24.99 

3  U 

S.4B 

34.49 

I 

3.82 

22.94 

it.  IS 

61.54 

18.37 

11 

3.77 

22.61 

.33 

4347 

1.37 

III 

11.81 

64.78 

-42.17 

41.31 

-113.41 

MI 

5.74 

31.77 

9.87 

MX+III 

-i4.23 

21.51 

-31.22 

4  H 

4.84 

58.15 

I 

3.26 

39.18 

18.87 

119.5? 

37.24 

II 

1.91 

22.85 

Id. 33 

82.35 

17.71 

til 

2.37 

2S.48 

-C  it 

•  >  vti 

u.u 

..tiO'lt 

1*11 

17.44 

59.7? 

I+U+III 

9.86 

39.84 

-21.34 

s  y 

3.33 

79.93 

i 

l.Si 

36.17 

43.76 

199.52 

81,41 

ii 

.37 

8.79 

27.38 

1x3-52 

4548 

in 

.3? 

9.24 

-.46 

73.44 

-119.4V 

itii 

3S.S7 

99.74 

63,14 

MMII 

23.56 

44.51 

2.21 

k  y 

.98 

43.41 

i 

.21 

9.87 

33.13 

242.53 

11444 

ii 

1.11 

S3. 17 

-43.21 

128.39 

1.88 

in 

<11  <4.11 

48.27 

124. Si 

-71.22 

MI 

-5.43 

121,24 

58.11 

MMII 

12.74 

84.84 

14.93 

'  V 

1.31  125.44 

I 

.17 

14.43 

149,63 

34848 

223.76 

II 

.21 

19.75 

-3.72 

144.42 

-1.83 

III 

<.ll  <9.44 

11. IS 

144. 25 

-41.18 

Ml 

52.95 

184.19 

111.97 

MMII 

38.69 

122.73 

53.62 

-.29 

-.29 

1.29 

7.49  82.41 

-.23-12.6? 

.98 

.98 

.12 

555.32  89.91 

62.82  89.19 

-312.58 

-312.S8 

314. 

.S7  29.84 

-i. 10-44.91 

.98 

.98 

.12 

2118.45  89.97 

48.45  88.82 

-5.34 

-5.34 

6.34 

13.29  85.71 

-.84-4?. 11 

.57 

.26 

.43 

14.16  8S.96 

.97  44.14 

-1.54 

.45 

2.54 

S.24  79.21 

.15  3.13 

-.46 

-3.71 

1.46 

.98  44.55 

-2.S7-68.7S 

-.18 

.31 

1.18 

a. 18  87.31 

.43  23.50 

-.58 

-2.29 

1.58 

29.72  88.17 

-2.27-66.2S 

.33 

.31 

.67 

5.19  78.90 

.81  38.69 

.11 

.13 

.99 

4.42  77.25 

.16  3.47 

-1.87 

-2.71 

2.87 

-.23-12,95 

-1.75-60.26 

.34 

.32 

.66 

18.31  86.87 

.87  41.13 

-.91 

-1.52 

1.91 

12.24  85. 3 

-1.45-55.33 

.33 

.31 

.67 

3.46  73.91 

•95  4cI.3j 

.42 

.21 

.58 

5.19  78.88 

.77  37.77 

_ 

t  n  a 
'1.0* 

<  **f 

1.0 

-,/i-35,7V 

-4. 18-76.55 

.46 

.39 

19.65  87.19 

2.41  67.42 

.51 

-.54 

•  49. 

28.88  88.12 

-2.25-66.14 

.SS 

.41 

.45 

4.96  78.61 

2.24  65.94 

*74 

.38 

.24 

16.33  86. SI 

5,13  78.96 

-.15 

4.63 

1.95 

-2.27-66.21 

-12.9i-8S.S7 

.89 

.63 

41 

59.15  89.13 

14.34  S6.ll 

.88 

.13 

.12 

96.48  89.41 

.71  35.45 

.77 

.47 

.23 

21.54  87.34 

11.56  35.16 

-4.38 

.11 

5.38 

1.89  62.14 

.94  2.93 

.91 

-.56 

.19 

5.68  81.12 

-14.84-86.14 

-.23 

.48 

1.23 

9.61  84.06 

2.1?  65.42 

.89 

.18 

.11 

194.12  89.70 

9.33  83.88 

.87 

.61 

.13 

21.11  87.15 

13,96  8S.9I 

-.23 

-.11 

1.23 

4.91  78.45 

-.1?  -5.31 

.51 

-.42 

.49 

3.98  75.61 

-6.36-81. 17 

.84 

.69 

.16 

31.19  88.16 

11.24  84,92 

.92 

.44 

.93 

199.10  89.47 

16.76  86.58 

1 1  * W  'ffltww.Braw.irv  :rw'  «■,  «-» 


TABLE  93.  LEAD  FROM  OIL  RE-REFINING  WASTE  ON  DAVIDSON  SOIL  (A). 


(T. 

.  ura 

ANT.FBCn. 

AilT.RETB. 
THIS  FT!. 
UG/6 

CUM. TOT, 
CMLL6. 
UG/C 

CUA.TOT. 

RETS. 

UG/6 

WS/«L  UG/S 

y 

4.-?*  9.69 

* 

Jk 

18  58  2t.i4 

-ii.  r 

9.69 

-ii.27 

n 

15. Si  31.1$ 

-?.« 

21.  1* 

-9.9? 

m 

ie.ii.  a  .as 

9,9* 

31.  IS 

9,91 

xm 

-*1.43 

4.74 

-19.63 

mini: 

-i.7? 

3.33 

-3.7? 

a 

S.85  17.5* 

\ 

A 

i.fff  it  M 

s.» 

27,45 

-5.1? 

|J 

4<32  12.5* 

-t.£3 

32.04 

-11.28 

*  •H  ># 

lu 

t.*i  2S.SS 

-45,24 

44,11 

-5.VJ 

Ml 

2.38 

13.73 

-8.33 

wi+m 

-3.74 

9,1s 

-7.52 

a 

s.a 

T 

?.**  S7.7? 

-23.94 

61.54 

U 

2.44  H.*rf 

43,25 

n.  &s 

32.  i? 

III 

2,8$  i?,i? 

-2.4$ 

58,76 

-8.38 

Ml 

f.72 

39,77 

1.39 

Minn 

5.6? 

26,51 

-1.87 

<i 

4.84  «®.SS 

I 

4.5?  $8.24 

9,tti 

119.59 

-19.48 

n 

2.74  28.34 

H.W 

139.87 

51.98 

in 

4.47  53.6* 

-23.3S 

87.19 

-33.73 

■iHl 

44.S6 

59.79 

16.25 

minn 

1.45 

39.86 

-.41 

u 

5.33  79.93 

3.S2  mrit, 

”4,43 

199,5? 

-23.91 

ii 

ss.is 

24.31 

223.43 

78.28 

IT! 

2.11  48, i7 

9.8S 

145. IS 

-23.85 

MI 

tl.*? 

99,76 

27.1? 

UlMll 

11.  SS 

66.51 

18.18 

f 

.M  43.  Si 

■: 

2.73  141.44 

-97.47 

242,53 

-121.38 

; ., 

2.32  1U.2S 

29.23 

363.91 

107.5?. 

Ill 

ii.  fi.74 

19.SS 

256.3? 

-4. 35 

x*n 

-34.  ja 

121.26 

-6.93 

WMI1 

-14,3 

61.84 

-6.17 

is 

i.3i  r&M- 

I 

.53  46.  sS 

77.se 

368.18 

-43.81 

n 

.*2  S9.S-4 

-11,4* 

411.99 

96.34 

IXJ 

45  42,73 

16,68 

315.93 

12.26 

l:rl 

33.36 

184.5? 

26.13 

wiidn 

27,57 

122.73 

21.51 

FRACTION  RETD,  DISTRIBUTION  QOgFICIBjTS 

THIS  TOTAL  PEM- TR .  INGL  SOIL  SOU  ONLY 
QT«.  CHAUC.  FACTOR  RATIO  DEC.  RATIO  SEC. 


-1.14 

-1.14 

2.14 

6.74  81.57 

-.53-28.85 

-.47 

-.47 

1.47 

4.62  77.79 

-.32-17,7$ 

.32 

.33 

.68 

7.71  82.61 

.47  24.9? 

-2.  IS 

-2.15 

3.15 

19.1?  87.88 

-.68-34.32 

-i.lS 

-t.iS 

2.15 

64.6?  89.11 

-.53-28.13 

.34 

-.21 

.66 

12.73  8S.S1 

-.46-24.77 

-.11 

-.34 

1.11 

11.01  84.81 

-.87-41.82 

-1.22 

-.13 

2.22 

5.14  78.?? 

-.21-11.64 

.26 

-.61 

,74 

46.24  88.74 

-1.29-52.12 

-.64 

-.82 

1.64 

47.35  88.79 

-.78-38.12 

-.75 

-.48 

1.78 

2.15  63.S6 

-.51-26,88 

.75 

.35 

.25 

12.71  PS.S8 

2.1?  65.46 

-.17 

-.14 

1.17 

13.52  83.31 

-.49-26,12 

,57 

.IS 

.43 

42.26  30.64 

.1?  18.77 

,58 

-.89 

.51 

95,76  89.29 

-.33-13,13 

.17 

-.16 

.83 

2.7?  75.27 

-.4S-21.99 

.41 

.37 

.5? 

7.27  82.17 

1.83  61.48 

-.8? 

-.39 

1.89 

2.24  iS. 94 

-.63-32.14 

.51 

.27 

.4? 

22.33  87.55 

1,15  43.91 

.08 

-.Si 

.92 

2S.79  87.78 

-.82  -1.32 

-.86 

-.12 

1.16 

1.54  57.04 

-.28-15.82 

.31 

.35 

.69 

4.88  75..?/ 

1.35  53.44 

.17 

-.16 

,83 

2.70  69.69 

-.53-26.34 

,27 

.27 

.73 

11.55  8S.85 

.94  43.13 

.48 

.1* 

.60 

29.41  03.85 

.63  32.37 

-2.27 

-.58 

3.27 

.23  13.07 

-.86-40.83 

» L-\ 

.31 

.79 

2.35  66.96 

.97  44.02 

.18 

-.02 

.32 

1.63  58.49 

-.35  -2.71 

-1.59 

-.06 

2.5? 

5.41  79. S3 

-.12  -7.11) 

-1.13 

-.18 

2.13 

14.91  86.16 

-.28-11,23 

.62. 

-.12 

.38 

2.29  66,43 

-.91-42,34 

-.24 

.23 

l.?4 

4,20  76.61 

1.61  58.21 

.04 

.72 

3.87  75.52 

.2?  15.94 

.53 

.14 

.47 

11,22  84.91 

,88  41.27 

.66 

.18 

,34 

33.79  83,30 

1.58  56,36 
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rmtS  94 •  L£AD  PROM  OIL  RE-REFININS  WASTE  ON  NICHOLSON  SOIL  (A). 


oib.tct.  ajJOT.  aftmw  8CTt  Msnnunai  coefficiemts 

OWLL6.  RET*.  THIS  TOTAL  P0CIR.  IHCL  SOIL  SOLAOItY 
«/8  UC/6  EXT*.  CHALLC.  FACTOR  RATIO  DEC.  RATIO  DEG. 


EXT, 

W. 

AKT.PfMETR. 

AWT. RETD, 
THIS  EXT. 
UC/G 

UC/HL  Ug/S 

1  tt 

4.M  ?.8? 

i 

7.2!  13.41 

-8.52 

U 

11,22  22,44 

-4.83 

XII 

27.56  55.13 

-32.67 

Ml 

-6.27 

i*imn 

-15.88 

2  *? 

S.B  17.56 

ir 

l 

3,f7  11.76 

5.68 

n 

4.54  13.62 

-1.66 

in 

18.78  32.35 

-18.73 

WI 

1.77 

i*n«xn 

-4,73 

3  o 

5.60  34.47 

i 

2.53  15.32 

18.76 

n 

4,97  24.52 

-7.28 

XII 

4.7?  28.6$ 

-4.87 

MI 

4.78 

mmh 

1.83 

4  H 

4,44  51.15 

I 

3.68  44,21 

13.84 

II 

2.28  27.34 

16.88 

III 

4.12  47.58 

-22.16 

MI 

15.36 

Mi*m 

2.85 

5  H 

3.32  77.73 

I 

2  U  58.54 

27.37 

II 

4.11  76.35 

-45.81 

III 

£.73  65.54 

31.88 

MI 

-8.21 

x*imii 

4.88 

6  H 

.?e  43.H 

I 

.88  33.SS 

4.46 

li 

.27  13.18 

5.37 

III 

.36  17.14 

-3.76 

MI 

14.71 

M1+1XI 

8.62 

;  h 

1.31  125.66 

£ 

.17  15.74 

117.71 

II 

2.11  283.83  - 

187.87 

m 

.18  7,61 

173.43 

MI 

“38.6? 

38.69 

7.87 

-8.52 

-.86  -.86 

18.41 

-4.13 

-.22  -.22 

22.44 

-32.6? 

-1.46  -1.46 

4.94 

-6.27 

-1.27  -1.27 

3.31 

-15.88 

-4.57  -4.S7 

27.45 

-2.72 

.32 

-.11 

38.37 

-5.6? 

-.14 

-.1? 

36.86 

-51.42 

-1.38 

-1.43 

13.73 

-4.31 

.22 

-.31 

7.  IS 

-28.81 

-.84 

-2.1? 

61.54 

15.85 

.55 

.26 

45.69 

-14.87 

-.68 

-.33 

68.S8 

-55.58 

-.17 

-.72 

38.77 

.48 

.28 

.12 

21.51 

-18.18 

.16 

-.87 

117.57 

29.68 

.24 

.25 

87.71 

1.77 

.38 

.82 

87.72 

-77.66 

-.81 

-.88 

59.77 

15.84 

.53 

.26 

39.86 

-IS. 33 

.15 

-.38 

179.52 

57.88 

.37 

.31 

148.45 

-43.82 

-.71 

-.31 

184.26 

-46.86 

.32 

-.25 

77.76 

7.63 

-.21 

.18 

66.51 

-11. S3 

.18 

-.16 

242.53 

63.54 

.18 

.26 

178.77 

-18.45 

.66 

-.11 

177.44 

-58.82 

-.31 

-.26 

121.26 

22.54 

.6? 

.17 

81.84 

-l.?i 

.61 

-.12 

368.18 

173.25 

.87 

.47 

174.74 

-285.54 

-ii-73 

-1.85 

411.47 

142.61 

.75 

.36 

184.17 

-16.14 

-.62 

-.87 

122.73 

36.77 

.72 

.31 

314 

1.86 

4.75  78,57 

-.46-24.84 

1.22 

4.26  76.77 

-.18-18.18 

2.46 

1.21  58.52 

-.57-38,67 

2.27 

17.28  86.67 

-.56-27.22 

5.57 

15.44  86.29 

-.82-39.37 

.68 

8.88  82.95 

-.24-13.7! 

1.14 

6.71  81.75 

-.42-22.67 

2.38 

1.47  56.12 

-1.57-57.82 

.78 

28.62  88.81 

-.63-32.27 

1.84 

25.85  87.78 

-i. 86-61. 68 

.45 

7.53  82.44 

1.13  45,76 

1.68 

3.45  73.85 

-.61-31.26 

1.17 

1.54  57.84 

-1.74-62.74 

.72 

16.128  86.49 

.M  2.24 

.84 

27.44  88.85 

-1.71-62.33 

.76 

2.72  71.12 

.67  33.88 

.62 

3.78  74.74 

.87  4.16 

1.81 

.44  23.91 

-1.57-57.49 

.47 

15.73  86.36 

1.16  49.28 

.85 

17.18  86.67 

-.73-42.87 

.63 

3.14  72.33 

1.17  47, 4S 

1.71 

.58  38.87 

-.45-24.46 

.68 

.88  38.82 

-.71-35.56 

1.21 

4.27  76.89 

.16  7.84 

.82 

13.1?  85.67 

-.48-25.74 

.91 

4.23  76.71 

1.65  58.76 

.34 

6.16  88.78 

-1.48-54.46 

1.38 

2.85  78.64 

-2.96-71.36 

.31 

33.65  88.30 

3.42  73.71 

.48 

51.76  88.78 

-.33-18.49 

.13 

17.11  86.66 

18.87  84.74 

12.73 

-.52-27.55 

-1.61-45.35 

.85 

25.23  87.73 

14.86  86.15 

1.62 

1.86  68.97 

-.16  -9.04 

.18 

184.87  89.45 

11.47  85.83 

8 
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FIGURE  179.  COMPARING  FRACTION  NICKEL  RETAINED  BY  SOILS  FROM  OIL  RE-REFINING 
WASTE  LEACHATE  (A). 


317 


,  rjuunun  jtv  jfaWHJCtfHVJfXHC 


TABU  95.  NICKEL  FROM  OIL  RE-REFINING  WASTE  ON  CHALMERS  SOIL  (A). 


EXT. 

m.  lira 

AHT.PENETI. 

AMT. RETD. 
THIS  EXT. 
UC/C 

CUN.TQT. 

CHALLC. 

UC/C 

CUH. TOT. 
RETD. 
UC/C 

FRACTION  RETD. 

THIS  TOTAL  PENETR. 
EXTR.  CHALLC.  FACTOR 

DISTRIBUTION  COEFFICIENTS 
ltd  SOIL  SOL*  ONLY 

RATIO  DEC.  RATIO  DEC. 

UG/HL 

uc/c 

l 

y 

1.41 

2.83 

i 

6.67 

13.33 

-11.58 

2.83 

-11.51 

-3.71 

-3.71 

4.71 

1.86  46.61 

-.77-38.23 

n 

7.17 

14.34 

-i.ll 

13.33 

-i.li 

-.18 

-.18 

1.88 

1.64  58.78 

-.87  -4.83 

HI 

21.51 

43.13 

-28.68 

14.34 

-28.68 

-2.11 

-2.11 

3.11 

-.17  -5.42 

-.67-33.67 

Ml 

-5.76 

1.41 

-5.76 

-4.17 

-4.17 

5.17 

6.16  81.63 

-.81-38.76 

I+IMII 

-13.41 

.74 

-13.41 

-14.21 

-14.21 

15.21 

4.21  76.64 

-.73-43, IS 

2 

y 

.21 

.64 

i 

1.41 

4.24 

-3.61 

3.46 

-14.11 

-5.67 

-4.17 

6.67 

2.47  67.78 

-3.33-73.27 

ii 

4.24 

12.73 

-8.48 

17.57 

-7.47 

-2.11 

-.54 

3.11 

1.17  47.87 

-.75-36.72 

in 

7.88 

23.63 

-II  .71 

27.17 

-37.57 

-.86 

-1.46 

1.86 

-.63-32.37 

-1.68-57.17 

MI 

-6.M 

1.73 

-11.81 

-17.11 

-6.81 

21.11 

S.8B  88.34 

-1.85-61.67 

x+u+in 

-7.67 

1.15 

-21.17 

-36.14 

-18.24 

37.14 

6.67  81.51 

-2.67-67.51 

3 

y 

.18 

.48 

I 

.54 

3.21 

-2.73 

3.75 

-16.84 

-5.63 

-4.26 

6.63 

2.42  67.52 

-5.24-77.21 

u 

1.21 

7.27 

-4.86 

21.77 

-13.SS 

•1.26 

-.65 

2.26 

1.52  56.64 

-1.86-61.77 

in 

3.13 

18.18 

-ll.fi 

34.34 

-51. SI 

-1.51 

-1.47 

2.51 

-1.42-54.73 

-2.78-71.21 

MI 

-3.3f 

1.77 

-15.21 

-14.11 

-7.71 

15.11 

7.35  83.71 

-4.18-76.54 

i+ii+iii 

-S.fi 

1.32 

-26.76 

-36.SI 

-21.48 

37.51 

7.73  82.63 

-4.45-77.33 

4  U  (.15  Ca 

I  {.IS  (.61 

II  .13  1.51 

III  .58  o.Ti 

MI 

l+IMII 

5  I  {.15(1.21 

I  (.15  (  1.21 

II  ( .IS  {  1.21 

III  (.15(1.21 
MI 

I+IMII 


The  remainder  of  the  table 
was  not  calculated  because 
of  the  prevalence  of  values 
below  the  detection  limit. 


&  H  (,.I5  (  2.42 

I  ( .15  (  2.42 

II  {..IS{2.42 
HI  {  .15  (  2.42 
MI 

I+IMII 


7  y  (  .15  (  4.85 

I  (  .15  (  4.85 

II  (  .15  (  4.85 

III  (  .85  (  4.85 

MI 

I+IMII 
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TML£.  96.  NICKEL  FROM  OIL  RE-REFINING  WASTE  ON  DAVIDSON  SOIL  (A). 


07. 

m.  um 

MfT.fQETt, 

Mff.KTO. 
THIS  EXT, 

ue/c 

cun. TUT. 

CUN. TUT. 

mcnwifli. 

pisnaunot  cqeffichxts 

9G/9L 

UCtt 

CHM16. 

UC/S 

t£T>. 

uc/s 

THIS 

an. 

TUTU  potn. 
CHM1C.  F4CTQB 

INCL  SOIL 
RATIO  DEC. 

SOUt  ONLY 
RrkTIO  DEG. 

1  9 

1.41 

2.83 

I 

II 

IQ 

Ml 

MMII 

2.43 

2.13 

3.33 

S.2S 

5.81 

4.47 

-2.42 

-.41 

-.81 

-1.51 

-1.28 

2.83 
S.2S 

5.84 
1.41 

.74 

“2.42 

-.41 

-.81 

-i.Si 

-1.28 

-.84 

-.12 

-.14 

-1.17 

-1.34 

-.84 

-.12 

-.14 

-1.17 

-1.34 

1.84 

1.12 

1.14 

2.17 

2.34 

2.53  48.42 
2.9  48.77 
2.23  45.87 
11.21  84.41 
21.42  87.22 

1  1  8  •  1 

S3*  J.S 

2  8 

.21 

.44 

I 

II 

III 

Ml 

I+IMU 

,n 

.35 

2.12 

2.71 

1.14 

4.14 

-2.14 

1.44 

-S.H 

-.21 

-1.81 

3.44 

7.7S 

4.92 

1.73 

1.1S 

-4.48 

1.13 

-5.81 

-1.73 

-3.17 

-3.24 

.41 

-4.71 

-.47 

*.52 

-1.27 

.13 

-.84 

-l.ll 

-2.47 

4.24 

.37 

5.71 

1.47 

7.52 

4.14  74.46 
15.78  84.37 
1.43  9.51 
SS.74  9.78 
21.77  17.37 

-1.44-9.78 
.77  44.17 
-.74-43.78 
-3.24-72.73 
-1.53-54. 81 

i  1 

.9 

.41 

A 

u 

IQ 

MI 

MMII 

1.72 

.41 

1.21 

11.31 

3.44 

7.27 

-7.9 

4.47 

-3.44 

-1.9 

-2.24 

3. 75 
11.25 
11.55 
1.77 
1.32 

-14.31 

7.71 

-7.44 

-3.31 

-5.35 

-21.25 

.45 

-l.ll 

-4.9 

-14.11 

-3.42 

.42 

-.87 

-1.47 

-4.14 

21.25 

.35 

2.11 

7.9 

15.11 

.14  7.73 
4.43  81.17 
.84  41.71 
15.46  9.38 
17.22  84.48 

-1.37-54.23 
2.12  44.71 
-1.31-52. 48 
-1.82-41.17 
-2.a-45.42 

4  9  <.15  Ctt 

I  Os  <.*i 

k  .a  i.si 

m  .25  3.1] 

MI 

MMII 

5  8  <.«<1.2l 

I  (.IS  <1.21 

U  <. IS  <1.21 

UI  <.IS  <1.21 

MI 

MMII 

*  8  ( .15  <2.12 

I  < IS  (2.42 

II  <  ,8S  (2,4 2 

ns  (.«  <2.42 

MI 

mmii 

?  8  {  .IS  { 4. IS 

I  (.IS  <4.15 

II  <  .«5  <4.85 

III  <  .fS  <4.®S 
MI 

MMII 
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Tms  97  *  *ICKEL  FRCM  OIL  RE-REFIMIN6  WASTE  ON  NICHOLSON  SOIL  (A). 


EXT. 

«. 


**T,fetEIB  “‘•J?1,  035 ■ 7117 •  fm^L  aiSTtauTiow  coefficients 

Q*J‘S'  **■  TOT*.  PB6T8L  IMQ.  SOIL  SOU  Ml! 

**  **  «*  *>%  Of*,  DttLLC.  FSCM  I  AT  10  KC.  (ATIO  DEC. 


1  X 

I 

n 

m 

m 

MMU 


i.4i  i.n 
4.44  9.97  -4.K. 
4.14  12.8  -3.43 
414  1.4)  3.f4 

-4.75 

-i.lt 


2.13 

-4.14 

-2.14 

-2,14 

9.97 

-3.43 

-.37 

-.37 

12.32 

3.94 

.31 

.31 

1.41 

-4.75 

-3.34 

-3.34 

.74 

-1.27 

-2.11 

-2,11 

3.14 

2.14  44.14 

-.49-34.2? 

1.37 

1,71  57.54 

-.29-15.57 

.47 

3.33  73.21 

.4S  24.34 

4.34 

7.15  92.14 

-.77-37.41 

3.11 

25.22  87.73 

-.47-33.47 

I 

U 

m 

MI 

MMXX 


.11  ,  .44 
l.tt  $.45  -4.S2 
I.S  t.TI  -4.24 
5.44  14.17  -7.1? 

-4.53 

-5.44 


I 

II 

m 

mi 

i*u*m 


.55  3.27  -t.yf 
l.U  4.47  -1.37 
2.12  12.71  -4.14 
-1.97 
-4.M 


4  I  <.B  (.41 

I  CIS  (.41 

U  .21  2.42 

III  .44  7.44 

Ml 

I ♦XMII 


3.44  -11.91  -7.S7  -3.14  1.57 
14.34  -7.41  -.7*  -.54  1.71 
K.tt  -3.43  -.75  -.14  1.75 
1.73  -7.8  -14.14  -5.34  15.24 
1.K  “7.33  -25.47  -4.3S  24.47 


2.41  41.13  -1.77-43.37 
1.72  97.71  -.77-31.37 
1.24  Si. 12  -.21-11.44 
9.15  81.11  -1.71-42.41 
11.45  85.17  -1.31-52.34 
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FIGURE  189.  COMPARING  FRACTION  ZINC  RETAINED  BY  SOILS  FROM  OIL  RE-REFINING 
WASTE  LEACHATE  (A). 
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FIGURE  190.  WEIGHT  OF  ZINC  FROM  OIL  RE-REFINING  WASTE  ON  CHALMERS  SOIL  (A) 
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FIGURE  191.  WEIGHT  OF  ZINC  FROM  OIL  RE-REFINING  WASTE  ON  DAVIDSON  SOIL  (A). 
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FIGURE  192.  WEIGHT  OF  ZINC  FROM  OIL  RE-REFINING  WASTE  ON  NICHOLSON  SOIL  (A). 
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FIGURE  197,  CONDUCTANCE  OF  EXTRACT  FROM  OIL  RE-REFINING  WASTE  ON  NICHOLSON 
SOIL  (B). 


t»  ST/W  ,**■«».  ■** 


EXTRACTION  OF  BERYLLIUM  FROM  OIL  RE-REFINING  WASTE  (B). 


■ras 


5. 


»*»  a*i  S.I  »,»  t„  *, 


6  • 


© 

u> 


0-1 


Id  tu  M 


m  (3t  ««t 


7. 


^•WT^  =*ngj^tr 

lit  f»l  »U  |t«  tt|  |» 


s 

04 


oJ 


ii«  t^  *»i 


l»  Id  3il 


^iCjra 

-#*n 

Id 


in 


'ft 


-Tjr-^T» 

-••17 

III  til  »ll 


...  ^ 


III  tu  •«!  III  tu  Id 


4. 


a 


oJ 


C  -  Chalmers 


8 _ 

lit  t^  tu 


in 


■o 


•»>  III  til  III 


N 


0  -  Davidson 
N  -  Nicholson 


FIGURE  200. 


COMPARING  FRACTION  BERYLLIUM  RETAINED  BY  SOILS  ^ROM 
REFINING  WASTE  LEACHATE  (B). 


OIL 


RE- 


347 


TMLE  104.  BERYLLIUM  FROM  OIL  RE-REFINING  HASTE  ON  CHALMERS  SOIL  (B). 
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FIGURE  201.  WEIGHT  OF  BERYLLIUM  FROM  OIL  RE-REFINING  WASTE  ON  CHALMERS  SOIL 
(B). 
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-1.84-41.53 

.18 

-.36 

l.ll 

1.76  62.92 

-1.41-54.30 

.18 

-.15 

l.ll 

2.58  48.82 

-.77-37.63 

.18 

-1.63 

111 

11.17  84.38 

-3.24-72.85 

.18 

-2.12 

l.ll 

26.16  87.81 

-4. 11-76. II 
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TABLE  107.  BORON  FROM  OIL  RE-REFINING  WASTE  ON  CHALMERS  SOIL  (B). 


EXT, 

m.  LAYER 

AHT.PENETR.  t 
1 

NIT. RETD. 
HIS  EXT. 

uc/c 

CUM. TOT. 
CHALLG. 
UG/G 

cun. tot.  mmott  red. 

RETD.  THIS  TOTAL  PEHETI. 

UG/G  EXTR.  CHALLC.  FACTOR 

DISTRIBUTION  COEFFICIENTS 
INCL  SOIL  SOU  ONLY 

RATIO  DEG.  RATIO  DEG. 

UC/ML 

UC/Q 

1  U 

4.14 

8.18 

1 

2.32 

4.4S 

3.43 

8.18 

3.43 

.43 

.43 

.58 

4.51  77.49 

.74  34.47 

II 

1.41 

2.83 

1.82 

4.45 

1.82 

.39 

.39 

.41 

4.83  81.47 

.44  32  74 

III 

1.31 

2.ft3 

.21 

2.83 

.21 

.17 

.17 

.93 

4.74  81.54 

.18  4.41 

an 

2.i3 

4.14 

2.43 

.45 

.45 

.35 

24.41  87.85 

1.84  41.71 

aiaxn 

1.82 

2.49 

1.82 

.48 

.48 

.32 

42.15  89.18 

2.48  44.29 

2  H 

r 

si 

1.51 

-  .  — 

-  - - 

■ - 

— 

i 

II 

III 

an 

* 

* 

aiaia 

This  experiment  terminated 

3  tt  4.44  2t.4& 
I 

a 

m 

MI 

MMII 


after  the  first,  extraction 
of  Chalmers  soil. 
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III 
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MMII 
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III 
MI 

MMII 


ft  H  <51  <24.24 
I 


II 

III 
MI 

MMII 


7  It 

I 

II 

III 

an 

MMII 
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TfBLE  108.  BORON  FROK  OIL  RE-REFINING  WASTE  ON  DAVIDSON  SOIL  (B). 


EXT. 

«.  Lira 

AHT.PflfTt. 

MfT.KTB. 
THIS  EXT. 
UC/C 

CUt. TOT. 
CHMIC. 
UC/C 

CUt. TOT 

»m, 

uc/c 

UC/li. 

uc/c 

l  9 

4.14 

8.19 

I 

1.21 

2.42 

5.44 

9.N 

5.44 

II 

1.J1 

2.41 

-.21 

2.42 

-.26 

III 

l.M 

2.62 

.a 

2.43 

.41 

1*11 

2.73 

4.44 

2.71 

Mwn 

2.12 

2.49 

2.12 

2  • 

.51 

i.si 

I 

.44 

1.91 

-.41 

9.59 

5.25 

21 

2.22 

4.97 

*5.14 

4.31 

-5.24 

in 

.51 

1.52 

5.45 

9.59 

4.S4 

mi 

-2.71 

4.79 

-.61 

wwn 

-.61 

3.19 

2.11 

X  M 

4.44 

24.44 

I 

.56 

1.13 

23.41 

14.24 

2I.M 

11 

l.U 

4.47 

-1.44 

7.34 

-9.91 

in 

i.S 

9.19 

-2.42 

14.24 

3,44 

i«n 

11. N 

11.12 

9.9? 

wi*ai 

5.94 

12,  N 

7.8? 

4  M 

.If 

1.24 

i 

.94 

11.14 

-1.12 

44.49 

27.14 

n 

.52 

4.11 

l.M 

17.42 

-5.12 

UI 

.71 

9.41 

-2.11 

22.44 

1.33 

mi 

«  n 

«  •  W 

M 

II  M 
■  ■ 

-.M 

14.0 

7.79 

faction  retd.  distribution  coefficients 


THIS 

on. 

nn>i  penetr. 

CMLLC.  FACTQt 

INCL  SOIL 
RATIO  DEC. 

SOUt  ONLy 
RATIO  DEG. 

.71 

.71 

.36 

13.84  85.87 

2.33  66.80 

■ill 

-.18 

l.M 

11.55  84.58 

-.18  -4.41 

.23 

.23 

.77 

14.11  85.95 

.31  16.71 

.49 

.19 

.32 

44.58  88.71 

2.M  64.29 

.75 

.75 

'.25 

127.31  89.55 

3.11  71.57 

-.27 

.55 

1.27 

17.36  84.71 

2.75  71.11 

-2.45 

-1.21 

3.45 

3.25  72.89 

-.76-37. M 

.71 

.43 

.22 

22.42  87.45 

4.11  75.96 

-3.45 

-.18 

4.45 

16.11  84.43 

-•81  -.12 

-.11 

.43 

1.11 

167.73  89.44 

3.99  75.93 

.9? 

.81 

.11 

18.74  C6.95 

9.53  84.11 

*1-25 

-1.21 

2.21 

2.85  71.47 

-t.33-S3.il 

-.34 

.22 

1.34 

3.47  73.92 

.41  21.81 

.75 

.55 

.25 

19.74  87.11 

3.11  71.55 

.44 

,65 

.54 

31.22  N.ll 

2.61  68.95 

-.22 

.a 

1.22 

5.44  79.63 

2.69  69.61 

.39 

-.29 

.41 

3.71  74.88 

-.81-39, 18 

-.37 

.a 

1.37 

3.4S  73.82 

.16  8.93 

.u 

.58 

.n 

a.*  */.» 

3.57  74,34 

-.13 

.53 

1.13 

32.35  88.23 

2.76  70.15 

s  v  (.58(12.12 

I  (.St  (12.12 

n  ^  .Si  f  12.12 

III  (.11(12.12 

X«U 
MWII 

*  9  ( .A  (21.21 

I  (.51(21.24 

I?  ( .51  ( 24.24 

III  (.SI  (24.24 

1*11 
MMU 


The  remainder  of  the  table 
was  not  calculated  because 
the  concentrations  were 
below  the  detection  limit. 


i 


7  tf  (.51(41.41 

I  (.51(49.41 

II  (  .59 (  41.41 

III  ( .Sl(  C  48 
Ml 

MMII 
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TABLE  109.  BORON  FROM  OIL  RE-REFINING  WASTE  ON  NICHOLSON  SOIL  (B). 


or. 


MT.KMETK.  AHT.RETD.  OJH.TOT.  CUR. TOT.  FIACTIOH  »m>. 

- -  THIS  EXT.  CMNlfi.  ICT.  THIS  TOTAL  PDCTR, 

LAm  U6/HL  US/C  US/C  U6/6  UE/6  EXT*.  CHM1S.  FACTOR 


DISTf IBUT1QR  COEFFICIEHTS 
INa  SOIL  SOU  ONLY 
RATIO  DEC.  RATIO  DEC. 


H 

4.14 

I.N 

I 

2.12 

4.24 

3.14 

I.N 

3.14 

n 

.74 

1.47 

2.77 

4.24 

2.77 

m 

.SI 

l.ll 

.47 

1.47 

.47 

MI 

3.31 

4.M 

3.31 

2.36 

2.49 

2.34 

H 

.SI 

l.SI 

I 

.71 

2.33 

-.S3 

9.SI 

3.11 

a 

.SI 

l.SI 

.13 

*.  si 

3.41 

m 

.SI 

l.SI 

.11 

2.97 

.47 

MI 

.N 

4.79 

3.31 

MMII 

.Cl 

3.19 

2.34 

• 

4.44 

21.44 

i 

1.42 

9.71 

14.97 

34.24 

19.97 

1.11 

4.47 

3.13 

14.27 

4.43 

UI 

1.31 

7  M 

“1.21 

9.44 

-.74 

mi 

U.N 

11.12 

13.31 

MMII 

4.24 

12.N 

8.62 

i 

.49 

1.24 

i 

.55 

4.S4 

1.71 

44.49 

21.47 

n 

.94 

11.27 

-4.73 

*2.n 

1.91 

m 

M 

7.15 

4.12 

M  *4 

M  t  #  A 

t  n 

t  QfW 

Ml 

-1.52 

22.24 

11.79 

MMII 

.36 

14.13 

1.99 

5  H  <  .SI  01.12 

I  <  .SI  02.12 

U  f.  5*02.12 

III  <  .51  02.12 

MI 
MMII 

4  U  (  .St  (24.24 

I  (.SI  (24.24 

U  ( .SI  (24.2* 

IQ  (.SI  (24.24 

MI 

mmh 


.41 

.48 

.K 

5.34  79.43 

.91  42.14 

.4S 

.45 

.35 

14.49  86.11 

I.N  61.95 

.32 

.32 

.41 

19.37  87.15 

.47  25.39 

.82 

.£ 

.16 

55.75  N.97 

4.48  77.42 

.88 

M 

.12 

« 

177.18  89.48 

7.18  81.96 

-.54 

.31 

1.S4 

9.39  83.92 

1.29  52.17 

.34 

.55 

.44 

1S.M  86.19 

2.41  67.3S 

.11 

.14 

l.ll 

12.92  #5.57 

.32  17.S6 

.11 

.49 

l.ll 

S4.M  N.9S 

4.41  77.21 

.11 

.74 

l.ll 

118.12  87. St 

4.72  78.14 

.64 

.SS 

.34 

4.11  75.99 

2.16  64.11 

.31 

.41 

.69 

3.83  75.37 

.99  44.15 

-.18 

-.N 

l.ll 

2.31  >6.55 

-.19  -5.35 

.75 

.73 

.25 

15.33  86.27 

3.99  75.93 

.71 

.71 

.38 

24. N  87.71 

3.28  73.16 

.21 

.49 

.79 

6.21  N.84 

3.31  73.1? 

-.72 

.ft 

1.72 

i.B  61.55 

.17  9.S9 

.37 

.14 

.45 

3.12  /c,a 

.4?  Z5.JZ 

-.37 

.53 

1.37 

8.N  83.52 

2.19  64.45 

.13 

.41 

.17 

27.56  87.92 

3.77  75.14 

f  •  (.SI  (41.48 
I  (.SI  (41.41 

II  (.SI  (41.41 

III  (.SI  (41.41 
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TABLE  110.  CAOMIUM  FROM  OIL  RE-REFINING  WASTE  ON  CHALMERS  SOIL  (B). 


MlT.ffiCn,  AT7.IET1,  CUR. TOT.  CUR. TOT. 

OT.  - -  THIS  OT.  CHAUS.  I6T1. 

Hi*  UIB  US/ ML  US/S  ULt  US/6  US/S 

"l  I  J7 

I  .42  t.23  -.41  .75  -.41 

U  .44  .ft  .34  1.23  .14 

III  .52  l.M  -.14  .ft  -.14 

M*  -t7  .37  -.17 

MI+UI  -.ft  .25 


FMCTIOH  »CT8.  PISTIIIUTIOR  COEFFICIENTS 

THIS  TOTAL  FD€T1.  IHtt  SOIL  SOU  OWLT 


cm. 

CHAUS.  FACTOR 

RATIO 

666. 

RATIO  DCS. 

-.45 

-.45 

1.45 

.11 

.71 

-.37-21.41 

.a 

.a 

.72 

.ts 

43. SI 

•3t  21.12 

-.14 

-.14 

1.14 

.IS 

lt.it 

-.14  -7.82 

-.It 

-.it 

l.lt 

2. It 

44.44 

-.14  -7.14 

-.a 

-.a 

l.M 

4. It 

74.27 

-.27-15.35 

I 

II 

in 

mi 

mnui 


i 

u 

in 

mi 

MMU 


.a .  2, is 


This  •xptrlmnt  tornlnatod 
•fttr  tht  first  ox  t  notion 
of  ChslMrs  soil. 


«  J  .u_UL_ 

U 

UI 

l*U 

140401 


H 

I 

u 

in 

140 

MMIl 


u 

I 

II 

m 

140 

MMO 


7  V  .11  .77 

I 

II 

III 
MI 

MMU 
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TABLE  111.  CADMIUM  FROM  OIL  RE-REFINING  HASTE  ON  DAVIDSON  SOIL  (B). 


or. 

m.  laid 

MT.rocn. 

AHT.RCT1. 
THIS  EXT. 
UC/C 

CW. TOT. 
CHILLS. 

uc/s 

OH.TOT. 

RETV. 

U6/G 

FICTION  retd. 
THIS  TOTAL 
EXT1.  CHM1C. 

PENET*. 

FACTO! 

DISTVIBUTIOM  COEFFICIENTS 
Id  SOIL  SOU  ONLY 

RATIO  DEG.  RATIO  DEC. 

IIM. 

UC/C 

1  V 

.37 

.7S 

i 

.36 

.73 

.12 

.7S 

.12 

.13 

.13 

.77 

2.12  43.48 

.13  l.S? 

u 

.SI 

1.11 

-.a 

.73 

-.a 

-.37 

-.37 

1.37 

1.14  47.13 

-.28-1S.44 

III 

.JS 

.71 

.a 

1.11 

.a 

.31 

.a 

.71 

2.48  48.14 

.43  23.21 

MI 

-.13 

.r 

-.13 

-.35 

-.35 

1.3S 

S.48  77.44 

-.24-14.57 

MMU 

.n 

.25 

.11 

.IS 

.IS 

.75 

X8.S2  84.71 

.14  3.27 

2  H 

M 

.24 

I 

.1? 

.Si 

-.33 

.ft 

-.31 

-1.37 

-.32 

2.38 

1.77  43.14 

-.S4-2E.S4 

XI 

.41 

1.21 

- .44 

1.31 

-.72 

-1.11 

-.71 

2.11 

.44  23.44 

-.74-37.17 

III 

.17 

.si 

.44 

2.22 

.74 

.S2 

.42 

.47 

4. IS  74.4S 

1.43  SI.SI 

MI 

-.41 

.47 

-.42 

-4.11 

-1.24 

S.ll 

3.77  7S.14 

-1.12-45.47 

Muni 

-.11 

.33 

-.11 

-1.37 

-.a 

2. a 

22.14  87.42 

-.51-24.77 

3  H 

.33 

2.11 

I 

.24 

1.4S 

.SS 

2.77 

.23 

.27 

.it 

.73 

1.14  47.14 

.14  9.17 

u 

.37 

2.24 

-.71 

2.71 

-1.71 

-.54 

-.42 

1.54 

-.11  -4.54 

-.74-37,21 

m 

.37 

2.24 

•4 

4.44 

.74 

.11 

.21 

l.ll 

1.17  44.82 

.42  22.73 

MI 

-.12 

1.47 

-.74 

-.12 

-.47 

1.12 

1.73  42.41 

-.44-33.33 

i*u*m 

-.N 

l.ll 

-.11 

-.12 

-.11 

1.12 

S.S8  77.84 

-.24-13.43 

4  8 

.11 

1.33 

I 

.IS 

.41 

.73 

4.32 

.74 

.SS 

.22 

.45 

3.78  75. BL 

1.S8S7.72 

11 

.11 

1.21 

-.41 

3.34 

-2.31 

-1.11 

-.47 

2.11 

-.71-35.45 

-1.71-42.a 

in 

.IS 

1JZ 

-.41 

S.4I 

.33 

-.SI 

.14 

i.Sl 

.78  44.45 

.18  18.37 

MI 

.14 

2.14 

-.41 

.17 

-.31 

.71 

3.47  74,75 

-1.12-48.  IS 

MMlt 

-.u 

1.44 

-.34 

-.34 

-.24 

1.34 

4.42  81.41 

-.54-27.31 

5  1 

.12 

.4i 

I 

<.ll 

<.24 

.24 

4.11 

i.a 

SI 

.2S 

.a 

11.74  84. ‘/U 

4.74  78.41 

u 

.13 

.n 

-.41 

3.41 

-2. M 

-2.11 

-.78 

3.11 

-1.85-41.45 

-3.85-7S  43 

in 

.13 

.73 

.11 

4.41 

.33 

.11 

.IS 

l.ii 

2.45  47.82 

.44  24.42 

MI 

-.12 

2.41 

-.51 

-.a 

i.Sl 

5.78  88.19 

-2.17-4S.5I 

i+u+iii 

-.N 

1.41 

-.42 

-.SI 

-.24 

i.Sl 

14.21  84.47 

-1.74-41  14 

8 

<11 

<.48 

1 

.K 

:.42 

II 

M 

1.74 

III 

MI 

1+IM1I 

.12 

.77 

Th«  remainder  of  the  table 
was  not  calculated  because 

8 

(.11 

<.77 

of  the  occurrence  of  values 

I 

<-H 

<.77 

below  the  detection  Unit. 

11 

<•1 

<  .77 

UI 

Ml 

I+IMII 

(11 

<.77 
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TA8LE  112.  CADMIUM  FROM  OIL  RE-REFINING  HASTE  ON  NICHOLSON  SOIL  (B). 

AHT.TQCft.  AHT.RETV.  CW.TOi\  CUN.T5T.  FgACTIflW  |ET|.  5ISTHWTIW  CO 


IT. 

— 

THIS  EH 

1.  LATER 

UC/HL 

UC/C 

UG/8 

i  » 

.37 

.75 

I 

.41 

1.21 

-.44 

II 

.29 

.57 

.43 

in 

.28 

.57 

.12 

Ml 

.81 

MMH 

.84 

1  4 

.18 

.24 

I 

.13 

.37 

-.If 

II 

.18 

.55 

-.15 

in 

.18 

.55 

.88 

m 

-.15 

mi 

-.18 

8 

.13 

R.M 

: 

.54 

3 .33 

**1.33 

ii 

.48 

?.4£ 

.71 

IIS 

.34 

2.84 

.34 

MI 

-.a 

Minn 

-.82 

8 

.11 

1.33 

I 

.€8 

.77 

.34 

n 

.18 

i.*l 

-.» 

.il 

1 

-  LA 

i  Qm, 

m 

.14 

uirnn 

-.14 

'i 

•82 

.48 

r 

A 

.82 

.41 

.88 

ll 

.85 

1.21 

-.73 

m 

.47 

2.18 

-.77 

Ml 

-.34 

mum 

-.57 

s 

i.M 

<  .48 

i 

<  .31 

<  .43 

.is 

.  M 

i.W 

ns 

<  M 

<  .41 

ini 

i*a*m 

3 

<  ,97  • 

l 

«.n 

(  .97 

n 

i.iti 

(  .77 

HI 

(.81 

<r  .91 

CUN.T5T.  FMCTiat  IETP. 

£T».  THIS  TOTAL  fDCTI. 

UC^  £301.  awie.  FACTU 


>.42  1.42 
.52  .48 
.13  .77 
.22  .71 
.24  .74 


>.42  1.43 
.31  1.31 
.12  i.M 
*.14  2.25 
-.12  2.25 


*.45  1.47 
.22  .73 
.11  .15 
-.17  1.21 
*.14  1.13 


.37  .73 

.17  1.25 

.  »  < 
M3  li3f 

*.il  .71 

-.15  1.34 


-.33  i.n 
.*4  2.51 
*.28  l.M 
*.24  2.58 
.47  4.51 


act  am  SOJ  ONLY 
RATIO  DEC.  RATIO  DEC. 
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FIGURE  213.  WEIGHT  OF  CADMIUM  FROM  OIL  RE-REFINING  WASTE  ON  NICHOLSON  SOIL 
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TABLE  113.  CHROMIUM  FROM  OIL  RE-REFININS  WASTE  ON  CHALMERS  SOIL  (B). 


ANT.  POST*.  MfT.KCTt.  CUN. TOT.  CUH.TOT.  FICTION  RET8,  PISTtl&HPii  jjgQCML- 

|XT.  -  THIS  EXT.  CHAUS.  RET).  THIS  TOT*!.  POSTS.  INCl  SOIL  SOLA  ONLY 

Kl.  LAYER  UC/NL  UC/C  UC/C  UC/C  UC/C  FTP.  UtALLi.  FACT08  RATIO  PES.  s' AT  13  t&G. 
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4.44 
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4.8S 
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21.33  97.18 

-2.54 

-3.44 

-3.44 

4.44 

14.54  84.54 

-.17 
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-.14 

1.14 
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-.44-32.49 
-.41-22.11 
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This  experiment  terminated 
after  the  first  extraction 
of  Chalmers  soil. 
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TttU  114.  CHROMIUM  FROM  OIL  RE-REPI1JIN6  WASTE  ON  DAVIDSON  SOIL  (B). 

MlT.fOtn.  MIT.KCT9.  CUI.TOT.  Cttt.TOT,  fliTTTnw  8m 

HUS  EXT,  QMLLC.  StTI.  THIS  'OTW.  POOL 

US/S  UG/C  UG/C  DTI.  CHAUC.  FCT» 


EXT. 

Mt.  LMQ  US/*.  US/S 


Asmara  ms 

INCL  SOIL  SOU  0M.T 
RATIO  SEC.  RATIO  SEC. 


u 

.71 

1.37 

I 

1.72 

3.43  -2.84 

i.37 

-2.84 

II 

l.K 

3.44  -.21 

3.43 

-.28 

HI 

1.H 

7.48  i.a 

3.44 

l.?i 

MI 

-1.12 

.71 

-1.12 

MMII 

-.34 

.44 

-.34 
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.26 

.77 
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.41 

i.£  -1.43 

2.18 

-3.87 

11 
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-5.74 

m 

M 
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4.24 
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-4.51 
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4.47 
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4.14  ,«1 
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14.34  -18.38 
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-14.24 
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S+II 
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(  .48 
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-.59-38.72 
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18.54  84.55 

-.14  -3.18 

.33 
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.58  24.57 

-1.41 

-1.41 

2.41 

41.85  88.43 

-.62-11.44 

-.74 

-.74 

1.74 

142.89  87.41 

-.43-23.13 

-i.31 

-1.41 

2.31 

19.54  87.17 

-1.49-59.37 

-5.17 

-1.13 

4.17 

4.31  74.93 

-  79-38.19 
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.54 

.34 

17.42  84.75 

2. 45  47.82 

-1.42 

-4.14 

7.42 

17.17  87.12 

-i. 19-58. 11 

-2.23 

-1.28 

3.23 

135.44  87.58 

-i. 11-47.48 

.17 

-.28 

.7! 

5.74  88.48 

-.41-22.13 

-1.71 

-1.44 

2.71 

1.37  53.78 

-.97-44.82 

-.11 

.14 

l.tl 

2.37  47.1? 

.24  13.48 

-145 

-2.12 

2.45 

8.27  83.12 

-1.14-48.25 

-1.73 

-1.42 

2.73 

18.32  84.88 

-.77-38.17 

-.57 

-.34 

1.S7 

11.47  84.45 

-1.12-48.33 

-.37 

-1.28 

1.37 

4.71  78.12 

-1.98-75.41 

-1.57 

-.88 

2.57 

3,13  72.24 

-.23-12.75 

-1.18 

-1.94 

2.18 

27.71  88.17 

-4.72-76,83 

^4.59 

-c.ii 

5.55 

2i.ll  87.?6 

-2.I4-6M4 

-5.11 

-.44 

4.11 

23.18  87,53 

-3.34-73.43 

.83 

-i.li 

.17 

92.14  87.38 

-47.16-89.15 

-4.18 

-.13 

7.11 

21.34  87.19 

-2.39-67.32 

.88 

-1.71 

1.11 

549.7!  89,5? 
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MMII 

8 

I 

II 

III 
MI 
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The  remainder  of  the  table 
was  not  calculated  because 
the  concentrations  ware 
below  the  detection  limit. 
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TABU  115.  CHROMIUM  FROM  OIL  RE-REFINING  HASTE  ON  NICHOLSON  SOIL  (8). 

MT.P6KTI.  MT.SCT9.  CUR.TOr.  CUR. TOT.  KttCHQR  rm.  BISTimjTIOH  COEFFICIENTS 

Of.  -  IWI  EH.  OMUfi.  KT».  t'HlS  TOTH.  P0*TI.  IRCL  SOIL  SOU  ONLY 


m.  um 

BBflL 

llfi/6 

UC/C 

UG/C 

UbC 

ora. 

QiLH,  FftCTM 

167X0  Off, 

IATI0  DEC. 

1  M 

.71 

1.37 

I 

2.73 

S.M 

-4.46 

1.37 

-4.46 

-3,29 

-2.21 

4.2$ 

4.87  78.44 

-.76-37.31 

U 

2.13 

5.15 

.61 

5.86 

.61 

,14 

.19 

.79 

6.49  11.12 

.12  6.58 

111 

i.ii 

2.22 

3.13 

5.25 

3.13 

.58 

SB 

>42 

16,22  86. 47 

1.36  53.75 

MI 

-1.73 

.71 

-1.73 

-2.77 

-2.77 

3.77 

24,49  17.65 

-.73-36.39 

MMH 

-.21 

.46 

-.21 

-.17 

-,S7 

1.57 

133.29  67.57 

-.37-21.44 

1  1 

.26 

.77 

I 

l.tl 

3.33 

-2.55 

2.18 

-7.91 

-3.23 

-3.21 

4.23 

7.89  82.67 

-2.19-64.57 

n 

1.62 

4.K 

-l.*6 

7.17 

-.71 

-.45 

-.19 

1.45 

6.62  31.41 

-.17-18.62 

in 

1.11 

3.32 

1.S1 

11.19 

4. 55 

.31 

.45 

.67 

11.26  34.73 

1.36  S3.75 

l*U 

-2.13 

1.17 

-3.76 

-5.15 

-3.63 

6.  IS 

25.57  87,76 

-1.63-58.52 

MMU 

-.11 

.73 

-1.12 

-3.23 

-1.5S 

4.23 

88.19  87.35 

-1.91-45,35 

3  N 

1.11 

6.67 

I 

2.73 

16.36 

-7.71 

1.15 

-16.71 

-1.45 

-1.17 

2.4S 

«  Si  44,88 

-1.12-45.57 

11 

4.94 

24.24 

-7.18 

25. SS 

-8.77 

-.48 

-.34 

1.48 

1.91  44,77 

-.36-17.73 

Ill 

4.55 

27.27 

-3.13 

34.34 

1,52 

-.12 

.94 

1.13 

1.27  51.67 

.36  3.18 

Ml 

-8.77 

4.42 

-12.75 

-2.64 

-2.M 

3.64 

4.37  77.18 

-1. 95-46.44 

mmii 

-6.87 

2.75 

-7.77 

-3.97 

-2.71 

4.17 

11.91  84.39 

-.88-41.32 

4  8 

.17 

t  96 

X 

.38 

4.61 

-2.55 

19.71 

-17.25 

-1.24 

-1.76 

2.24 

2.77  71.40 

-4.18-76.S5 

II 

.72 

8.61 

-4.38 

39.16 

-12.77 

-.87 

-.42 

1.87 

2.35  66.74 

-1.47-56.16 

III 

1.41 

16.77 

-8.36 

42.75 

•4.85 

-.77 

-.16 

1.77 

1.54  57.92 

-.49-21.78 

!*n 

_■»  T* 
tftW 

S.45 

-16.62 

-3.1* 

-2.74 

4. 1C 

11.62  ei.98 

-3.72-74.77 

mm:; 

-4.77 

3.64 

-12,76 

-7.24 

-3.56 

9.24 

15.21  86.24 

-2.27-66.43 

s  « 

<  .fil 
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I 

<.lt 
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11.  IS 

-17.25 
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-1.73 

1.99 
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-77.42-87.28 

II 

.16 

«.4$ 

-1.21 

31.49 

-14.91 

-5.99 

-.46 

6.99 

13.16  85.62 

-7.63-84.97 
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.12 

2.71 

-1.45 

44.49 

-8.31 

-1.18 

-.17 

2.99 

8.47  83.28 

-2.8S-79.67 

MI 

-.6. 

5.58 

-16.62 

-5.ie 

-2.78 

6.19 

67.71  87.16 

-22.86-87.59 

MMII 

•.8* 

3,72 

-13.85 

-11.19 

-3.71 

12.89 

87.82  87.35 

-14.28-86.89 

6  V 

<  .1.' 

(  .48 

I 

<  .1. 

;  .43 

’I 

<  S' 

/  *46 
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<  ,;i 

'  .48 

MI 

I*IMII 

7  U 

(.ii 

(.77 

I 

(.i 

(.77 
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FIGURE  219.  EXTRACTION  OF  COPPER  FROM  OIL  RE-REFINING  WASTE  (B). 
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FIGURE  220.  COMPARIN^FRACTtON  COPPER  RETAINED  BY  SOILS  FROM  OIL  RE-REFINING 
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TA8U116.  COPPER  FROM  OIL  RE-REFINING  HASTE  ON  CHALMERS  SOIL  (B) 

MT.KNETR 


m. 

Ml, 


urn  ug/hl  uc/c 


AAT.IET8.  CUM. TOT.  CUH.TQT.  ftMCTlQg  8ET1L  3ISTHBUT1W  CQ£FFICIEMTS 

THIS  EXT.  CIMLLC.  IET8.  THIS  TOTAL  PUETR.  IN&  SOIL  SOU  CWLY 
Ut/c  UC/C  Ut/G  an.  cmu.c.  FACTOR  RATIO  deg.  ratio  DEC. 
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-l.tl 
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4.14 
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4.14 
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l.SI 
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1.11 
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3.11 
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This  experiment  terminated 
after  the  first  extraction 
of  Chairs  soil. 
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■ASLEUT.  COPPER  FROM  OIL  RE-REFINING  WASTE  ON  DAVIDSON  SOIL  (B). 
fiftT.fSEIR.  MIT.KTB.  CUH. TOT.  CUB. TOT.  FRACTION  RETD. 


XT. 

±.  iJ'fSA 

VUG 

MS  EXT. 
UC/fi 

ttWOC. 

UJL'G 

RETS. 

UC/G 

THIS 

FXTR. 

u  r  Vi.  '^a  VtiA'VJP 

i  a 

LSI 

2.02 

l 

7.17 

14.14 

-12.12 

2.02 

-12.12 

-6.01 

18.18 

20.24 

-6.04 

14.14 

-4.04 

-.43 

HI 

9.19 

11.13 

2.02 

21.20 

2.02 

.10 

%  a  1 1 

-9.09 

1.01 

-9.19 

-9.10 

-5.39 

.67 

-5.39 

-8.00 

z  * 

M 

.13 

DISTRIBUTION  COEFFICIENTS 
INCL  SOI'.  SOJ  OMLT 
RATIO  SEC.  RATIO  DEC. 


-6.01 

-.n 

.to 

-9.11 

-III 


7.11 

1.43 

.91 

11.11 

9.11 


if « 

m 


Ml  3.03 
2.82  6.84 
4.84  12.12 


•3.11 

-3.13 

•4.04 


17.17 

24.24 


-9.09 

-4.14 


-1.00 

-1.00 


-.5?  2.00 

-.IS  2.00 


MS 

-3.02 

1.03 

-12.11 

-211.00  -11.81  ' 

202. 

-4.03 

.68 

-9.42 

-443.81  -13.78 

414 

9 

l.ii 

6.06 

I 

4.04 

24.24  -18.18 

8.11 

-33.30 

-3.10  -4.11 

4.08 

u 

3.03 

18.18  6.16 

41.41 

-3.13 

.25  -.07 

.75 

■ill 

s.os 

38.30  -12.12 

44.44 

-16.16 

-.67  -.34 

1.67 

l+li 

•  -6.16 

4.06 

-18.17 

-2.80  -4.48 

3.08 

MMII 

-8.88 

2.70 

-17. Si 

-4.00  -6.47 

5.00 
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Ml 

<.12 

. 

I 

<.oi 

<.12 

II 

<  .01 

<.12 

III 

i.8i 

12.12 

4.43  77.29 
3.41  73.42 
4.23  74.49 
13.91  8S.89 
34.14  88.42 


19.70  87.19 

10.84  84.73 

5.84  80.28 
4S.38  88.74 
S3. 21  88.92 


1.71  59.71 
3.95  7S.79 
1.94  42.47 
14.44  84.14 
20.49  87.21 


MI 

1+11*111 

8 

I 

II 

in 

MI 

MWIJ 


'  .11  <  .24 
<  .11  (  -24 
(  .01  <  .24 
( .81  <  ,24 


The  remainder  of  the  table 
was  not  calculated  because 
of  the  prevaler.ee  of  values 
below  the  detection  limit. 
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-.30-14.78 
.11  4.34 
-.90-41.99 
-.89-41.43 


-4.99-78.67 
-1. SI-54. 31 
-.33-18.43 
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-2.33-44.78 
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TABLE  118.  COFFER  FROM  OIL  RE¬ 
AMT. PEJtfTR.  AMT. RETD.  CUM.TOT. 
EXT.  -  THIS  EXT,  CHALLG. 

m.  later  uc/ml  ug/g  ug/g  ug/g 


i.  i.Oi  2.02 


REFINING  WASTE  ON  NICHOLSON  SOIL  (B). 

CUM.TOT.  FRACTION  RETD.  DISTRUUTION  COEFFICIENTS 

RETD.  THIS  TOTAL  PESCTR.  INCL  SOIL  SOU  ONLY 
UG/G  EXT*.  CHALLG.  FACTOR  RATIO  DEG.  RATIO  DEC. 


I 

5.85 

18.18 

-8.88 

2.12 

•8.18 

-4.11 

-4.11 

S.ll 

1.65  58.71 

-.88-38.66 

II 

7.1? 

14.14 

-4.84 

18. 14 

-4.14 

-.41 

-.41 

1.41 

1.46  55.61 

-.29-15.95 

III 

5.85 

11.18 

4.84 

14.14 

4.14 

.29 

.29 

.71 

2.85  78.64 

.48  21.88  4? 

MI 

-6.16 

1.81 

-6.16 

-6.11 

-6.11 

7.18 

6.13  88.74 

-.86-48.68  » 

►II+III 

-2.69 

.67 

-2.69 

-4.18 

-4.11 

5.19 

21.21  87.38 

-.88-38.66  H 

U 

.11 

.13 

gg 

I 

1.81 

3.13 

-3.10 

2. IS 

-11.18 

-111. II 

-5.11 

lti. 

4.58  77.46 

-3.66-74.71  11 

11 

1.13 

9.19 

-6,86 

13.13 

-11.11 

-2.lt 

-.7? 

3.11 

1,61  58.89 

-1.11-48.81  IS 

III 

4.14 

12.12 

-3.13 

23.23 

1.11 

-.33 

.14 

1.33 

2.12  64.76 

.88  4.74  fl 

MI 

-4.53 

1.13 

-11.59 

-312.11 

-11.33 

313. 

8.54  83.32 

-2.33-64.77  W 

iltin 

-4.13 

.68 

-6.72 

-413,81 

-9.84 

WT. 

16.68  86.57 

-1.66-59.88  « 

u 

t.ll 

6.16 

I 

2.12 

12.12 

-6.06 

8.11 

-17.14 

-1.1! 

-2.il 

2.81 

.62  31.95 

-1.41-54.74  W 

H 

3.13 

18.18 

-6.16 

25.25 

-16.16 

-.51 

-.64 

1.58 

.47  25.16 

-.8T-41.63  ■ 

III 

3.13 

18.18 

.11 

41.41 

1.11 

.14 

.82 

1.88 

1.41  54.74 

.86  3.18  ™ 

MI 

-6.16 

4.16 

-16.65 

-2.11 

-4.11 

3.81 

3.61  74.49 

-1.83-61.37  M 

IM1I 

-4.14 

2.71 

-14.76 
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3.18 

18.45  84.53 
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D  -  Davidson 
N  -  Nicholson 


FIGURE  225.  COMPARING  FRACTION  LEAD  RETAINED  BY  SOILS  FROM  OIL  RE-REFINING 
WASTE  LEACHATE  (B). 
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TABLE  J19.  LEAD  FROM  OiL  RE-REFINIHG  WASTE  ON  CHALMERS  SOIL  (B). 


w.wc?k. 

err  _ _ „ _ _ 

It.  UV£8  yR/HL  u£/C 


AM.RET3.  CUrt.Tuf.  QNUOT. 
TKiS  F.K,  LlttlLG.  8ETP. 
iVC  Ufi/8  JC/fi 


ntoCTiat  Biro. 

TKIS  TOTAL  PEKETR. 
EXTR.  CHALLC.  FACTOR 


DICTRIBUTICtN  COEFFICIENTS 
INCL  SOIL  SOLN  ONLY 
RATIO  DEG,  RATIO  DEC. 


» 

5.44 

11.82 

I 

S.  19 

U.37  .52 

22 

2.85 

5.?l  4.47 

IU 

16.48 

3321  -27.31 

Ml 

2.47 

MltUl 

-7.44 

2  H  4.61  1J.31 

1 

12 

III 

Ml 

MMll 

3  U  3.47  £2.91 

2 

II 
I U 
MI 
MM1X 


19.88 

.52 

.15 

.15 

11.17 

1.47 

.43 

.43 

5.91 

-27. M 

-4.43 

-4.43 

5.44 

2.47 

.44 

.44 

3.43 

-7.44 

-2.15 

-2.15 

,95 

9.SS 

84.12 

.OS  2.85 

.5; 

17.45 

84.72 

.76  37.11 

S.43 

2.14 

65.93 

-.82-39.43 

.54 

47.41 

89.15 

.84  49.1.7 

3.15 

24.12 

97.89 

-.67-33.91 

This  experiment  terminated 
after  the  first  extraction 
of  Chalmers  soil. 
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TABLE  120.  LEAD  FROM  OIL  RE-RFFINING  WASTE  ON  DAVIDSON  SOIL  (B). 

MT.KKTt.  Mt.lETl.  CUH.TOT.  CUH.TOT.  F1NCTI0M  tCT._  HSTIUUliM  COLTFIClOtTS 

EXT.  -  THIS  EXT.  QMLLC.  IETD.  THIS  TOTAL  PDCTI.  INQ.  SOIL  SOU  OHLl 


m.  Lira 

Ut/flL  US/? 

UC/C 

US/C 

US/C 

DTI. 

CHALLfi.  FACTO# 

RATIO  DEC. 

RATIO  DEC. 

1  4 

i 

5.44  18.81 
3.11  4.21 

4.48 

14.88 

4.41 

.43 

.43 

.57 

25.59  87.74 

.76  37.85 

ii 

3.15  4.11 

.11 

4,21 

.11 

.12 

.12 

.94 

25.27  87.73 

.12  .97 

m 

2.44  4.42 

1.18 

4.11 

i.ll 

.19 

.19 

.81 

31.55  88.18 

.24  13-49 

mi 

2.39 

5.44 

2.39 

.44 

.44 

.54 

181.81  89.44 

.78  38.12 

i*u*m 

1.99 

3.43 

1.99 

.55 

SS 

.45 

2a. 13  89.88 

1.21  58.58 

2  I 

I 

4.41  13.11 
1,74  5.31 

1.43 

24.74 

13.11 

.41 

.53 

.39 

31.85  88.14 

2.44  67.49 

II 

S.44  14.43 

-11.55 

11.58 

-ii.45 

-2.15 

-.99 

3.15 

8.42  a.23 

-.48-34.84 

UI 

1.11  3.19 

13.85 

a.  43 

is.  a 

.82 

.45 

.18 

54.74  88.95 

4.87  78.39 

WI 

-1.54 

12.35 

.a 

-.a 

.17 

i.a 

34.47  88.a 

.18  S.41 

MMXX 

3.57 

8.a 

5.54 

.78 

.48 

.22 

454.24  89.87 

5.48  79.52 

3  H 

1 

3.47  22.11 
4.17  24.41 

-2.39 

44.71 

14.72 

-.11 

.a 

1.11 

4.75  81. 58 

.44  a.73 

II 

4.71  21.45 

-4.21 

35.91 

-15.71 

-.17 

-.44 

1.17 

4. a  78.29 

-.55-28.73 

III 

3.13  is.ee 

9.44 

51,49 

24,81 

.34 

.48 

.44 

9.S2  84.(8 

1.32  52.93 

MI 

-3.32 

a.ss 

-2.49 

-.34 

-.11 

1.31 

21.32  87,32 

-.17  -9.84 

ItSMII 

1.17 

IS. 57 

6.a 

.IS 

.a 

.85 

74.79  39.a 

1.84  44.43 

4  U 

I 

4.47  53.49 
4.77  57.24 

-3.57 

144.44 

7.15 

-.47 

.17 

1.17 

2.81  71.44 

.12  7.12 

II 

2.13  33.92 

8.34 

93.24 

7.44 

.41 

.48 

.59 

4.77  78.15 

.a  12.49 

UI 

8.17  90.81 

-44.19 

85.41 

-39.21 

-1.49 

-.44 

2.89 

1.17  49.51 

-.41-21.88 

MI 

9.89 

si, a 

7,41 

.37 

4C 

■  mm 

.43 

18.48  84,92 

.44  a. 54 

MI*UI 

-14.77 

a.  47 

•8.14 

-.a 

-.24 

i.W 

13.89  85.88 

-.25-13.99 

5  4 

I 

3.13  75.  M 
4,83  115.89 

-44.81 

175.47 

-33.  #4 

-.54 

-.19 

1.54 

1.84  44.88 

-.29-16.19 

II 

4.23  111.55 

14.34 

249.13 

21.91 

.12 

.11 

.88 

1.73  48. 81 

.22  12.21 

III 

4.94  144.42 

-45.18 

137.15 

-114.29 

-.44 

-.54 

1.44 

.38  14.41 

-.63-32.84 

MI 

-13.23 

87.74 

-5.84 

-.35 

-.17 

i.35 

5.95  88.44 

-.12  -6.54 

MXtIXX 

-31.52 

S8.49 

-38.45 

-1.22 

-.44 

2.22 

7.42  82.53 

-.71-34.84 

4  4 

I 

3.72  178.57 
7.28  349.21 

-171.45 

354.44 

-214.31 

-.94 

.53 

1.96 

-.14  -8.23 

-.59-38.33 

II 

4.44  311.28 

38.93 

558.34 

44.91 

.11 

.11 

.89 

.49  34  71 

.28  11.11 

III 

S.4S  241.41 

48.87 

497.43 

-55.42 

.14 

-.ii 

.84 

.38  28.44 

-.21-11.97 

MX 

•45.84 

177.12 

-71.49 

-.74 

-.41 

1.74 

1.52  54.71 

-.44-21.90 

MX4III 

-27.41 

118.41 

-44.27 

-.44 

-.54 

1.44 

4. 54  77.58 

-.76-37.25 

7  U 

I 

8.19  774.55 
4.8ft  582.22 

194.33 

1138.49 

-9.97 

.25 

-.81 

.75 

.25  13,39 

-.82  -.98 

11 

2.42  2S1.49 

331.73 

1144.57 

391.44 

.57 

,34 

.43 

2.17  65,25 

1.56  57.2 

III 

3.43  329.24 

-77.75 

748.93 

-in.  17 

-.31 

-.18 

1.31 

.£4  3.62 

-.43-22.82 

Ml 

242.53 

545.31 

196 . 83 

.48 

.34 

.32 

3.97  75.85 

1.52  56.42 

ItfMII 

149.11 

374.87 

82.83 

.58 

.22 

.42 

4.94  73,61 

.75  37.84 
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TABU  121.  LEAD  FROM  OIL  SE-REFINING  WASTE  ON  NICHOLSON  SOIL  (B). 


GT. 

«.  UNO 

ANT.lfMETt.  i 

MT.KT). 
nut  EXT. 
uc/c 

am.  tot, 
owns, 
uc/c 

am. TOT. 

ten. 

uc/c 

fiction  ten. 

TUTB  TTVTAJ 

peneti. 

FACTO! 

BISTtiBUTION  COEFFICIENTS 
run  cflfi  run  y 

oc/n.  uc/c 

1  fr  #  w 

exn. 

iyim. 

CHAOS. 

AMWW 

RATIO  DEC. 

MW*  WWW  1 

RATIO  DEC. 

l  It 

I 

S.44  11.  M 
11.15  37.71 

-24.12 

10. II 

-24.82 

-2.44 

-2.44 

3.44 

1.93  42.61 

-.71-35.43 

U 

3.12  4.15 

31.44 

37.71 

31.44 

.13 

.13 

.17 

21.78  V. 27 

5,04  78  77 

Ill 

3.55  7.JJ 

-.85 

4.2S 

-.85 

-,i4 

-.14 

1.14 

13.72  8S.87 

.12  -6.93 

mi 

2.32 

5.44 

2.32 

.43 

.43 

.57 

44. S3  19.11 

.74  34.40 

uimu 

1.24 

3.43 

1.24 

.35 

.35 

.45 

124.84  87.55 

.53  28.09 

2  H 

i 

4.41  13.81 
1.45  4.75 

8.94 

24.70 

-17.74 

.44 

-.73 

.34 

16  4?  84. S3 

-3.43-74.5? 

ii 

l.&l  3.31 

1.45 

42.44 

33.11 

.33 

.78 

.47 

40.22  88.58 

10.04  84.31 

m 

3.54  11.47 

-7.17 

7.55 

-8.84 

-2.18 

-.84 

3.18 

8.73  83.47 

-.77-37.47 

mi 

5.24 

12.35 

7.51 

.74 

.41 

.24 

125.33  07.54 

4.S7  77.71 

mum 

i.ll 

8.23 

2.37 

.24 

.27 

76 

84.16  89.34 

.48  34.15 

1  V 

i 

3.47  22.il 
5.71  35.44 

-13.37 

44.71 

-31.35 

-.41 

-.17 

1-61 

1.93  42.58 

-.87-41.53 

u 

4.17  27.21 

4.17 

78.04 

37.31 

.17 

.50 

.83 

4.76  78.13 

1.3$  53.37 

in 

3.44  21.44 

8.54 

31.75 

.51 

.27 

.11 

.71 

4.84  78.34 

.82  1.41 

mi 

-3.41 

23.35 

3.78 

-.33 

.17 

1.33 

13.71  8S.87 

.??  IS. 23 

mmn 

.45 

1S.S7 

2.82 

.04 

.18 

.74 

43.77  88.69 

.41  22.27 

4  « 

I 

4.47  53.47 
3.21  37.31 

14.31 

110.40 

-17.04 

.27 

-.17 

.73 

2.10  64. 5f 

-.43-23.40 

II 

3.13  37.54 

1.83 

117.44 

41.13 

.IS 

.35 

.9S 

3.75  7S.06 

l.il  47.61 

III 

4.11  72.14 

-34.40 

74.31 

-34.0? 

-.72 

-.45 

1.72 

.71  42.23 

-.47-2S  2? 

MI 

1.17 

50.21 

12.04 

.30 

.24 

.70 

ii.25  84,92 

44  32.67 

mum 

-4.15 

33.47 

-3.33 

-.34 

-,ie 

134 

12.28  85. 35 

-.14  -7.89 

s  V 

i 

3.13  75.18 
4.11  71.44 

-23.51 

175.47 

-40.43 

-.31 

-.23 

1.31 

.63  38.87 

-.41-22.38 

ii 

4.71  144.77 

-42.33 

a4.it 

-21.21 

-.43 

-.11 

1.43 

.4?  25,96 

-.13  -7.50 

m 

S.lS  123.44 

37.33 

237.30 

3.24 

.23 

.01 

.77 

.83  37. 7S 

.83  1.S0 

mi 

-42.74 

87.74 

-31.71 

-1.14 

-.35 

2.14 

2.89  44.44 

-.38-21.01 

UIMII 

-14.20 

58.4? 

-17.53 

-.45 

-.33 

1.65 

6.77  81.60 

-.47-25.3S 

6  u 

i 

3.72  174.57 
4.84  232.54 

-53.77 

354.04 

-94.41 

-.38 

-.27 

1.38 

.02  1.23 

-.41-22.14 

n 

3.43  144.42 

48.14 

448.44 

44.94 

.29 

.10 

.71 

.87  41.71 

.29  IS. 93 

hi 

1.47  52.4’ 

111.43 

401.72 

US,  17 

.48 

.2? 

.32 

4.0?  76.27 

2.19  65.50 

MI 

7.08 

177.12 

-23.84 

.18 

-.13 

.72 

2.13  64.88 

-.27-16.17 

UIMII 

42,13 

118.01 

22.50 

.71 

.19 

.29 

18.36  34.88 

1.2?  52.13 

7  y 

i 

8.47  774.55 
4.14  377.52 

377.14 

1130.41 

284.42 

.49 

.25 

.51 

.97  44.01 

.72  35.58 

ii 

2.22  212.47 

184.83 

844.17 

231.74 

,44 

.27 

.54 

1.54  57.31 

1,09  47.44 

iii 

t.ll  1IS.71 

104.7S 

414.41 

221.95 

.58 

.34 

.58 

3.84  71.77 

2.10  64.4’ 

MI 

281.73 

54S.3I 

2S3.J9 

,73 

.44 

.27 

4.30  76.91 

2.43  67.61 

uimii 

223.55 

374.87 

244. OS 

.34 

.45 

.14 

15.43  86.29 

6.97  81.83 
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FIGURE  £30.  COMPARING  FRACTION  NICKFL.  RETAINED  BY 
WASTE  LEACHATE  (B). 


SOILS  FROM  OIL  RE -REFINING 


TA5LE  122.  NICKEL  FROM  OIL  RE-REFINING  WASTE  ON  CHALMERS  SOIL  (B) 
WT.P0CH,  AW.  RETD.  CUH. TUT,  CUM, TOT.  FRACTION  am>.  &tST81MI| 

S*'.,. „  mLLXJ'  CM*LLS*  a£T®‘  THIS  im‘  PENETR-  ^WDLSOli 

**’  lJ"'^  ri  U6/C  UG/S  EXT8,  CHALLG.  FACTOR  eartn  m 


j/ISTRIBUTIOM  COEFFICIENTS 
IMCL  SOIL  SOU  ONLY 
RATIO  DEC.  RATIO  DEG. 
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-.96-43.85 


This  experiment  terminated 
after  the  first  extraction 
of  Chalmers  soil. 
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FIGURE  231.  WEIGHT  OF  NICKEL  FROM  OIL  RE-REFINING  WASTE  ON  CHALMERS  SOIL  (B) 


TABLE  123.  NICKEL  FROM  OIL  RE-REFINING  WASTE  ON  DAVIDSON  SOIL  (B). 


AHT.PENETR.  AftT.RETD.  CUN, TOT.  CUH.TQT. 


EXT. 

NR.  LAYER 

UG/HL 

UG/G 

THIS  EXT. 

•jc/g 

CHALLG. 

UG/G 

RETD. 

UG/G 

1  U 

.24 

.48 

I 

.82 

1.64 

-1.1S 

.48 

-1.15 

II 

i.ii 

2.22 

-.59 

1.64 

-.59 

III 

1.21 

£.42 

-.20 

?,.22 

-.29 

I+II 

-.67 

.24 

-.87 

I+II+III 

-.6S 

.16 

-.65 

2  y 

<.9S 

<.1S 

I 

.26 

.79 

-.64 

.64 

-1.79 

II 

.78 

2.33 

-i.SS 

2.42 

-2.13 

III 

.52 

L.S5 

.79 

4.56 

.59 

I+II 

-1.99 

.32 

-i  .96 

I+II+III 

-.46 

.21 

-1.11 

3  y 

.39 

1.82 

I 

.57 

3.39 

-1.58 

2.45 

-3.36 

TT 

.92 

5.51 

-2  12 

$.82 

-4.25 

III 

1.11 

6.67 

-1.15 

111.  17 

-.57 

I+II 

-1.85 

1.23 

-3.81 

I+II+III 

-1.62 

.82 

-2.73 

4  y 

.96 

.73 

i 

.15 

1.82 

-1.19 

3.18 

-4.45 

ii 

.16 

1.94 

-.12 

7.fc4 

-4.37 

HI 

.49 

4.85 

-2.91 

12.91 

-3.47 

I+II 

-.61 

1.59 

-4,41 

I+II+III 

-1.37 

1.96 

-4.19 

5  H  '  .15  <  1.21 

I  (  .95  (  1.21 

II  C  .15  (  1.21 

HI  .97  1.71 

I+II 
IvII+III 

*  «  <  .<5  <2.42 

I  <05  (2.42 

II  <  .85  <  2.42 

III  <.05(2.42 
I+II 

I+II+III 

7  W  <  .i!t  <4.85 

I  <  .95  (  4.85 

II  (  .95  (  4.85 

III  <  .85  <4.85 
I+II 

l+II+III 


FRACTION  RETD.  DISTRIBUTION  COEFFICIENTS 


THIS 

EXTR. 

total  penetr. 

CHALLG.  FACTOR 

INCl  SOIL 
RATIO  DEG. 

SOLft  ONLY 
RATIO  DEC. 

-2.27 

-2.37 

3.37 

8.89  83.58 

-.79-3S.13 

-.36 

-.36 

1.36 

6.83  81.64 

-.26-14.77 

-.99 

-.99 

1.09 

6.39  81.11 

-.98  -4.76 

-3.58 

-3.58 

4.58 

27.48  87,92 

-.78-38.12 

-4.19 

-4.99 

5.19 

57.49  89.99 

-.80-39.66 

-4.29 

-2.81 

5.29 

17.66  86.76 

-2.27-66.22 

-1.96 

-.88 

2.96 

5.82  81.24 

-.91-42.41 

.34 

.13 

,66 

11.54  84.58 

.38  21.76 

-14.49 

-6.16 

15.49 

25.24  87.73 

-i. 68-59.23 

-9.21 

-5.24 

11.21 

89.26  89.36 

-2.16-65.13 

-.87 

-1.37 

i  .87 

3.64  74.62 

-.99-44.74 

-.63 

-.73 

1.63 

2.98  64.28 

-.77-37.63 

-.21 

-.96 

1.21 

2.27  66.23 

-.98  -4.8S 

-2.93 

-3.19 

3.93 

19.01  04.29 

-1.38-54.99 

-2.67 

-3.33 

3.67 

19.97  87.13 

-1.23-S0.83 

-1 .5(1 

-1.40 

2.59 

6.19  89.82 

-2.45-67.80 

-.07 

-.57 

1.17 

5.84  81.28 

-2.26-66.99 

-1.51 

.  -.29 

2.59 

2.52  68.37 

-.72-35.63 

-1.67 

-2.77 
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7i  n  wm 

W  1  WW  V#  1  /  ~T 
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'  1  •  JJ-/  / 
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124.  NICKEL  FROM  OIL  RE-REFINING  WASTE  ON  NICHOLSON  SOIL  (B). 


ant.pqctr. 

ANT.SETD, 
THIS  EXT. 
INKS 

GUI, TOT. 
CHALLG. 
UC/S 

CUN. TOT. 
RETD, 
UC/G 

FRACTION  RETB. 

THIS  TOTAL  PENET8. 
r  n* .  CHALLG.  FACTOR 

DISTRIBUTION  CQEFFICTEvrc 

UG/NL 

UG/C 

INCL  SOIL 
RATIO  DEG. 

SOLI  CUT 
RATIO  DEG. 

.24 

.48 

2. S3 

S.IS 

-4.57 

.48 

-4.57 

-9.42 

-9.42 

10.42 

3.93  7S.72 

-.92-42.11 

2.13 

S.2S 

-.21 

5.15 

-.21 

-.84 

-.14 

1.(4 

4.61  77,75 

-. J4  -2.25 

2.12 

4.14 

1.21 

S.2S 

1.21 

.23 

.23 

.77 

6.34  81. (4 

.38  16.70 

-2.38 

.24 

-2.38 

-9.83 

-9.83 

16.83 

17.68  36.76 

-.91-42.23 

-1.17 

.16 

-1.19 

-7.33 

-7.33 

8.33 

53.48  88.93 

-.88-41.35 

<.IS 

<.15 

.93 

2.79 

-2.64 

.64 

-7.21 

-17.4S 

-11.32 

18.40 

6.17  80.79 

-2.56-68. 84 

1.72 

5.15 

-2.36 

7.14 

-2.57 

-.85 

-.33 

1.85 

4.24  76.73 

-.58-26.48 

1.72 

5.15 

.11 

If  .48 

1.21 

.11 

.12 

1.61 

4.97  78.63 

.24  13.24 

-2.58 

.32 

-4.88 

-33.11 

-15.35 

34.10 

17.15  86.64 

-1.91-62.19 

-1.67 

.21 

-2.85 

-33.11 

-13  44 

34.11 

40.97  88.61 

-i.66-58.9S 

.38 

1.82 

1.31 

7.88 

-6.16 

2.45 

-13.26 

-3.33 

-5.41 

4.33 

1.41  54.73 

-1.68-59.27 

2.42 

14.54 

-6.67 

15.72 

-9.23 

-.85 

-.59 

1.85 

1.04  41.21 

-.63-32.41 

2.53 

IS.  la 

-.61 

24,  VS 

.61 

-.14 

.02 

1.04 

1.65  58.79 

.04  2.29 

-6.36 

1.23 

-ii.25 

-7.13 

-9.16 

8.00 

S.i6  79.04 

-l.S5-S7.il 

-4.44 

.82 

-7,31 

-7.33 

-8.92 

8.33 

13.95  85.62 

-1. 44-55.31 

.16 

.73 

.21 

2.55 

-1.82 

3.18 

-15.18 

-2.51 

-4.74 

3.50 

3.66  74.73 

-5.92-80.42 

.41 

4.97 

-2.42 

18.26 

-11.66 

-.95 

-.64 

1.95 

2.56  68.70 

-2.35-66.91 

1.11 

12.12 

-7.15 

29.92 

-6.54 

-1.44 

-.22 

2.44 

1.47  55.83 

-.54-23.37 

-2.12 

1.S9 

-13.37 

•5.83 

-8.40 

6.83 

14.26  85.99 

-5.38-79.47 

-3>»i 

1.16 

-11.19 

-15.67 

-10.46 

16.67 

IS. 37  86.28 

-2.75-69,99 

<.IS  <1.21 
<  .IS  <1.21 
•8®  1,94 

.12  2.91 


( .OS  <  2.42 
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<.IS  <2.42 


<  .IS  <4.85 
<.IS  <4,85 
(.15  <4.85 
<.IS  <  4.85 


8  UG/G 


EXTR.  g 
1.  » 


S  UG/G 


EXTR.  g 
5.  tL 


EXTR.  g 

2*  «. 


EXTR.  g 


EXTR.  Si 

3.  «j 


EXTR.  g 


L. 


EXTR.  S 
7.  1 


w  i  n  m 


m  i  n  m 

FIGURE  233.  WEIGHT  OF  NICKEL  FROM  OIL  RE-REFINING  WASTE  ON  NICHOLSON  SOI 
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FIGURE  234.  EXTRACTION  OF  TITANIUM  FROM  OIL  RE-REFINING  HASTE  (B), 
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FIGURE  235.  COMPARING  FRACTION  TITANIUM  RETAINFD  BY  SOILS  FROM  OIL  RE-REFINING 
WASTE  LEACHATE  (B). 
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TABLE  125.  TITANIUM  FROM  OIL  RE-REFINING  WASTE  ON  CHALMERS  SOIL  (B). 


ArtT.FENETJi. 

ANT.RETO.  CUN. TOT. 

CUN. TOT. 

FRACTION  RETD. 

EXT. 

— 

— 

THIS  EXT.  CHALL6. 

fi£T0, 

THIS  TOTAL 

PENETR . 

m.  urea 

uc/fi 

UQ/C 

UG/G  UG/C 

UG/C 

EXTR.  CHALLC. 

FACTOR 

l  y 

.14 

.28 

i 

3.43 

6.67 

-6.59  .23 

-6.59 

-23.29  -23.29 

24.29 

ii 

3.13 

6.26 

.61  6.87 

.61 

.09  .09 

.91 

iii 

2. S3 

5.66 

.61  6.26 

.61 

10  .10 

.91 

MI 

-2.99  .14 

-?  99 

-21.14  -21.14 

22.14 

MMII 

*1.79  .09 

-1.79 

-19.00  -19.00 

2i.il 

DISTRIBUTION  COEFFICIENTS: 

INCL  SOIL  30LN  OflLf 

RATIO  DEC.  RATIO  DEC. 


14.18  8S.97 
?6.?l  86.5? 
10.49  86.91 
6S.48  89.13 
164.S4  89. 85 


.96-43.80 
.11  5. S3 
.11  6.12 
,95-43.68 
95-43.53 
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This  experiment  terminated 
after  the  first  extraction 
of  Chalmers  ^oil . 
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TABLE  126.  TITANIUM  FROM  OIL  RE-REFINING  WASTE  ON  DAVIDSON  SOIL  (B). 


AHT.PEMETt.  AflT.RETD. 

CUM.lOT. 

CU«. TOT. 

FRACTION  RETD. 

DISTRIBUTION  COEFFICIENTS 

£2T. 

-  THIS  EXT. 

CHAU.G. 

RETD . 

THIS  TOTAL 

PENETR. 

IUCt  SOiL 

SCLN  CNLt 

m.  LAYS 

uc/rt 

UC/C 

U6/G 

UG/G 

UC/G 

EX'?*.  CHALLG. 

FACTOR 

RATIO  DEG. 

OATIO  DEG. 

1  V 

.14 

.28 

I 

4.6S 

9.29 

-9.11 

.28 

-9.0i 

-31.86  -31.86 

32.86 

139,80  89,59 

-.97-44,11 

II 

5.3S 

11.71 

-1.41 

9.29 

-1.41 

-.15  -.15 

1.13 

122.04  B9.53 

-.13  -7,52 

III 

1.92 

3.84 

6.87 

13.71 

6.87 

.64  .64 

.36 

342.59  89.^3 

1.79  60,80 

MI 

-5.21 

.14 

•5.21 

-36.86  -36.86 

37.86 

487.72  89.88 

-.97-44,23 

MMII 

-1.1? 

.09 

-1.19 

-12.57  -12.57 

13.57 

3066.38  89,98 

-.93-42,81 

Z  V 

.10 

.31 

I 

2.32 

6.97 

-6.67 

.59 

-IS. 68 

-22.41  -26.76 

23.06 

185.44  89  69 

-2.2S-66.03 

11 

11.91 

32.72 

-25.76 

16.26 

-27.17 

-3.71  -1.67 

4.71 

39.14  88.54 

-.83-39.70 

III 

1.11 

3.13 

29.69 

43.43 

36.56 

.91  .84 

.19 

443. 7S  89.37 

12.07  85.26 

Ml 

-16.21 

.29 

-21.42 

-117.00  -73.14 

199. 

158.57  89.64 

-i. 31-52. 63 

MMII 

-.91 

.20 

-2.09 

-9.00  -11.72 

10.00 

3883.18  89.99 

-2.17-64.25 

3  U 

.35 

2.12 

I 

2.12 

12.12 

-11. tl 

2.71 

-25.67 

-4.71  -9.49 

5.71 

185.91  89.46 

-2.12-64.73 

It 

9.89 

53.78 

-46.66 

28.38 

-73.83 

-3.65  -2.60 

4.8S 

21.86  87.27 

-1.26-51. 47 

III 

b.Si 

39.39 

19.39 

102.21 

S3. 95 

.3-3  .55 

.67 

34.63  88.35 

1.42  54 , 86 

MI 

-2S.33 

1.35 

-49.75 

-26.71  -36.76 

‘.71 

87.31  89.34 

-1.69-59.43 

MMII 

-12.42 

.91 

-14.52 

-17.57  -16.19 

ia.57 

297.75  89.81 

-i.  11-47  87 

4  V 

<>,ll 

<1.21 

I 

.94 

11.27 

-11.96 

3.92 

-35.73 

-8.38  -9.12 

9.30 

112.87  6?, 49 

-3.17-72.49 

Ii 

.59 

7.13 

4.24 

39.65 

-69. S9 

.38  -1.75 

.62 

176.17  89.67 

-9.9*  84.23 

III 

1.92 

23.13 

-16.01 

109.24 

39.96 

-2. 2d  .37 

3.28 

58.54  89.02 

1.74  60.04 

MI 

-2.91 

1.96 

-52.66 

-4.80  -26.88 

5.60 

725.31  89.92 

-14.98-86,13 

MMII 

-7.27 

1.31 

-21.79 

-18.08  -16.68 

19.08 

588.37  89.89 

-2.84-79.59 

M 

<.il 

<2.42 

I 

.12 

2.91 

-.48 

6.34 

-36,22 

II 

.23 

5. SB 

-2.67 

42.56 

-72.26 

III 

,13 

3.15 

2.42 

114  82 

42.38 

MI 

-i  .58 

3.17 

-54.24 

MMII 

-.24 

2.11 

-22.03 

-.20 

-5,71 

1.20 

437.22  89.87 

-12.4S-25.41 

-.92 

-1.70 

1.92 

221 . 65  39.74 

-12.96-8S.59 

.43 

.37 

.57 

428.53  39.37 

13.45  85.75 

-1.30 

-17.19 

2.30 

918.99  89.9* 

-19,46-37.01 

-.30 

-10.42 

1.30 

3714,75  89.98 

-20 . 97-87. 27 

4  U  C  .11  {  4.85 
I  <  .it  (  4.63 

II  (.11  (  4.85 

III  (.11  (4.85 

MI 

MMII 

7  V  (.11  <  ?.75 

I  (.11  (9.71 

II  (.10  (9.71 

III  (.11  (9.71 

Ml 

MMU 


The  remainder  of  the  table 
was  not  calculated  because 
the  concentrations  were 
below  the  detection  limit. 
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127.  TITANIUM  FROM  OIL  RE 

-refin: 

ANT.PE&TR.  ANT.  RETT), 

CUN.  Till. 

OK.  TOT. 

HI . 

- *  THIS  E)(T. 

CHILL','. 

RETI, 

NR.  LAVER 

UC/Hl  UG/G  UG/G 

Ufv'C 

M/G 

1  M 

.14  .23 

I 

9,96  19.86  -19,51 

.28 

-19.51 

11 

4.14  8.20  11.51 

19.86 

11.51 

III 

3.43  6.87  1.41 

8.28 

1.41 

HII 

-4.16 

,14 

-4.68 

WMII 

-2.26 

,69 

-2.28 

2  u 

<•11  <.33 

I 

1.72  5.15  —4.85 

.59 

-24.36 

II 

2.53  7.58  -2.42 

24,93 

9.89 

m 

2.73  8.18  -.61 

15.86 

.81 

i*ii 

-3.64 

.29 

-7.64 

WWII 

-2.63 

.28 

-4.82 

3  U 

.33  2.12 

T 

ft 

6.77  46  61  -38.48 

2.71 

-62.84 

II 

5.84  35.15  3.45 

65.35 

14.54 

III 

7.57  45.45  -11.31 

51.61 

-?.4r 

MI 

-16.51 

1.33 

-24.15 

mmh 

-14.44 

.93 

“19.26 

4  U 

<-19  <1.21 

I 

.25  3.63  "1.82 

3.92 

-64.66 

II 

•  48  4.85  -1  32 

68  SB 

12.73 

III 

1.82  21.82  -16.97 

55.85 

-26.46 

i+li 

-1.82 

1.96 

-25.97 

i+ii+iii 

-6.87 

1.31 

-26.13 

5  u 

M 6  <2.42 

I 

<.16  <2.42 

II 

.11  2.67 
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Ml 

MMH 

6  M 

.  .1°  '  4.85 

I 

(..3  <  4.35 

II 

(.it  (  4.85 

III 

(.lfi  {  4.83 

I+1I 
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7  o* 

(.14  (  9.72 
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(.10  (9.76 

n 

(.14  (  9.78 
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(.10  (  9.70 

i+ii 

MMII 

NG  WASTE.  ON  NICHOLSON  SOIL  (B). 
ii^HPMSL.  distribution  coefficients 
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RGURE  240.  COMPARING  FRACTION  ZINC  RETAINED  BY  SOILS  FROM  OIL  RE-REFINING 
WASTE  LEACHATE  (B). 
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TABLE  129.  ZINC  FROM  OIL  RE-REFINING  WASTE  ON  DAVIDSON  SOIL  (B). 
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APPENDIX  A 


CORRELATION  BETWEEN  CUMULATIVE  EXTRACTION  VOLUME 
AND  PENETRATION  VTN.  AT  DARCIAN  VELOCITIES 


Table  A-l  is  similar  to  Table  12,  page  37.  except  that  Pareian  veloci¬ 
ties  are  given  instead  of  pore  water  velocities.  Equation  14,  page  36,  was 
used  to  prepare  this  example. 


TABLE  A-l.  CORRELATION  BETWEEN  EXTRACTION  VOLUME  AND  PENETRATION  TIME 


Extraction 

Number 

Water 

Added, 

(RL/g) 

CURUl . 

voi  -  , 

(BL/y ) 

Equivalent  Days  of  Pens 

tration3 

_5 

®'.0  cm/sec 

S10~6 

cm/sec 

©10~7  cm/sec 

1 

2 

2 

2.3 

23. 

231. 

(0.63  yr) 

/ 

3 

5 

5.8 

57. 

578. 

(1.6  yr) 

3 

6 

11 

12.7 

127. 

(0.35  yr) 

1273. 

<3.5  yr) 

4 

12 

23 

26.6 

266. 

(0.73  yr) 

2262. 

(7.3  yr) 

5 

24 

47 

54.4 

544. 

(1.5  yr) 

5440 . 

(15  yr) 

6 

48 

95 

110.  (0.3  yr) 

1100. 

(3.C  yr) 

10995 . 

(30  vr) 

/ 

96 

191 

221.  (0.6  yr) 

2210, 

(6.1  yr) 

22106. 

(61  yr) 

APPENDIX  B 


TABLE  8-1.  CONCENTRATIONS  OF  SELECTED  ELEMENTS  IN  SOLUTIONS  FROM  ZINC 
SECONDARY-REFINING  SLUDGE  ON  CHALMERS  SOIL 
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SHOWING  CONCENTRATION  AS  A  FUNCTION  OF  SOIL 
DEPTH  AS  THE  WASTE  EXTRACTION  PROGRESSES 

Table  8-3  is  a  way  of  presenting  the  raw  data  that  shows  the 
concentration  (both  mi crograiss /milliliter  and  micrograms/gram)  in  the 
solution  within  the  soil  at  every  stage  of  the  serial  batch  extraction  of  a 
waste;  the  field  of  data  gives  a  visual  impression  of  the  effects  of  depth 
and  leaching  time  or  volume.  Studying  this  table  to  draw  conclusions  about 
the  onset  of  release  of  an  element  from  the  soil  is  best  done  with  the 
assistance  of  the  tabulated  calculations  of  amounts,  cumulative  totals,  and 
fractions  retained,  as  given  in  Tables  63  and  66. 


APPENDIX  C 


RESULTS  OF  PUTTING  WATER  ON  SOILS 
PREVIOUSLY  EXPOSED  TO  WASTE  LEACHATE 

SOILS  LEFT  FROM  SERIAL  BATCH  EXTRACTION  EXPERIMENTS 

Batches  of  soil  that  had  been  exposed  tc  a  series  of  seven  extractions 
of  waste  (as  described  in  the  body  of  this  report)  were  saved  and  one  of  the 
sets  (fro*  the  duplicates)  was  extracted  with  water.  Batch  I  of  each  "old“ 
soil  was  first  extracted  with  2  milliliters  of  water  per  gram.  After 
periodic  shaking,  the  soil  was  filtered  24  hours  later  and  the  filtrate  was 
used  to  extract  soil  batch  II.  8ateh  I  was  again  extracted,  this  time  by 
3  milliliters  of  water  per  gram,  then  by  6,  and  finally  by  12  milliliters  per 
q ram.  The  filtrates  from  these  were  used  as  the  challenges  to  soil  batches 
II  and  III,  each  in  turn  (except  that  only  one  batch  of  soil  was  challenged 
by  zinc-carbon  battery  waste).  The  results  of  analyzing  aliquots  from  these 
samples  are  presented  in  Tables  C-I  through  C~3  for  zinc-carbon  battery  waste 
and  in  Tables  C-4  through  C-S  for  titanium  dioxide  pigment  production  waste. 

SOILS  LEFT  FROM  SOIL  CAPACITY  EXPERIMENTS 

Preliminary  experiments  had  been  run  to  determine  the  capacity  that 
these  clay  soils  have  for  holding  hazardous  ions  from  waste  leachates.  In 
those  experiments,  samples  of  the  soils  were  challenged  repeatedly  by  waste 
leachate.  First,  a  large  quantity  of  waste  leachate  was  prepared  by 
extracting  a  waste  with  2  mi  11 i liters  of  water  per  gram  of  waste.  Then 
aliquots  of  this  extract  were  placed  on  a  soil  in  the  proportion  of  2  milli¬ 
liters  of  waste  leachate  per  gram  of  soil.  After  24  hours,  the  soil  was 
filtered  and  another  2  milliliters  of  leachate  per  gram  was  placed  on  the 
soil  and  shaken  occasionally  for  24  hours.  This  process  of  challenging  the 
same  batch  of  soil  with  the  number  one  extract  of  a  waste  was  repeated  until 
the  soils  had  been  exposed  to  a  total  of  eight  of  these  extracts.  (The 
results  of  this  work  were  not  reported  because  the  limiting  capacity  of  the 
soil  was  not  reached,  and  besides,  the  capacity  thus  determined  would  not 
apply  for  any  other  combination  of  extracts.)  The  soil  remaining  from  these 
experiments  was  used  to  examine  what  could  subsequently  be  extracted  from 
them  by  water.  First,  this  soil  was  extracted  24  hours  using  2  milliliters 
of  water  per  gram,  then,  after  filtering,  by  3  milliliters  per  gram,  and 
afterward,  by  6  and  12  millilite.s  water  per  gram  of  soil.  The  results  of 
these  water-flush  experiments  are  given  in  Tables  C-7  through  C-9  for 
zinc-carbon  battery  waste  and  in  Tables  C-10  through  C-12  for  titanium 
dioxide  pigment  production  waste. 
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Table  C-l.  Selected  Metals  Extracted  by  Water  on  Chalmers  Soil  Previously 
Exposed  to  Zinc-Carbon  Battery  Waste  in  Serial  Batch  Studies. 


nETAL 

extiact 

LAYER  3 

CHALLENGE 
ij/nL  «<)/<) 

aht,  penetratthg 

u<j/*L  ug/q 

4T  RETAINED 

TRACTION  RETAINED 
THIS  TOTAL 

EXTRACT 

pH 

cauMcrrv- 

rmafwos! 

lead 

1 

ICO 

.44 

.41 

,04 

r 

.44 

it 

.47 

,13 

-.13 

.05 

.94 

7.9 

‘600 

2 

H20 

.04 

.41 

,44 

r 

.44 

.04 

.47 

.28 

-.23  , 

.44 

.49 

7.3 

•T  «  .4 

3 

H20 

.14 

.'04 

.44 

I 

.11 

,44 

.17 

,54 

-.54 

.44 

.91 

7.2 

11500 

4 

H20 

.11 

44 

.44 

1 

.(1 

.11 

.07 

1.17 

'1.17 

.91 

.94 

6.7 

15544 

CAWIIWI 

1 

KM 

.11 

.44 

II 

I 

.(1 

.11 

.43 

.44 

.56 

.15 

.11 

7.4 

4644 

2 

H20 

.44 

.14 

.14 

r 

.11 

.1! 

.41 

.43 

-.43 

If 

.11 

7.j 

7441 

3 

K20 

.41 

.41 

.44 

r 

.11 

.14 

.41 

.44 

-.46 

.44 

.49 

7.3 

11544 

4 

K20 

.40 

.44 

.44 

r 

.44 

.11 

.11 

.12 

-.12 

.18 

.11 

6.7 

15514 

ZINC 

1 

(GO 

.11 

.11 

,41 

I 

.11 

.If 

1.81 

3.42 

-3.62 

.14 

.14 

7.4 

4644 

2 

K20 

.44 

.04 

.44 

I 

.11 

.41 

.58 

1.73 

-1.73 

.14 

.14 

7,3 

7484 

3 

K20 

.44 

.44 

.44 

r 

.44 

It 

.77 

5.82 

-5,82 

.54 

.11 

7.3 

11501 

4 

(CO 

.44 

.44 

.41 

r 

.11 

.11 

.47 

2.14 

-8,51 

.94 

.11 

6.7 

15544 

aI  =  batch  of  soil. 

/ 


/ 
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Table  C-2.  Selected  Metals  Extracted  by  Water  on  Davidson  Soil  Previously 
Exposed  to  Zinc-Carbon  Battery  Waste  in  Serial  Batch  Studies. 

ict*.  exrwtcr  urot*  cwooa  <wr  rocrcurr*  «r  pemihed  ppacuoh  per«;o  extmc:  cowuctiv- 

•f/nt  tq/q  *q/*L  iq/q  tq/q  fHIS  TtlTiiH.  pH  ITT  <  uftHOS ' 


Table  C-3 

Selected  Metals 

Extracted  bv  water  on 

Nicholson 

Soil  Previous 

Exposed  to 

Zinc 

-Carbon 

Batt 

ery  Waste 

in  Serial  Batch  Studies. 

aer«t  owner 

LATER a  CHALLENGE 

fifir.  penetrating 

NT  RETAINED 

FRACTION  REfAINEP 

EXTRACT 

Ottcrr.1- 

_ _ 

_ 

•f/ni 

la/q 

«q/«l. 

THIS 

TOTAL 

pH 

TTT(p(1H0S) 

l£A0  t 

H  20 

.11 

.11 

.08 

r 

.u 

.11 

■  O'' 

,14 

-.14 

.11 

,08 

’.i) 

<730 

2 

K20 

,13 

.84 

.11 

i 

.a 

.ft 

,07 

.21 

-.21 

.18 

.00 

i  4 

c<  <»•» 

I 

H20 

* 

It 

.81 

.30 

r 

.it 

.11 

.17 

.52 

-,S2 

,80 

•  OS 

7.3 

3000 

4 

H20 

.11 

.18 

.05 

r 

.11 

.!• 

1.11 

-1.11 

.08 

.80 

7.0 

CASKIUN  i 

H2U 

II 

.11 

.18 

r 

If 

.11 

.12 

84 

-,C4 

.11 

.01 

7.8 

<711 

2 

h 20 

.11 

.18 

.11 

r 

II 

.11 

.11 

.11 

-,IJ 

.11 

.08 

6.4 

5638 

5 

(CO 

.11 

.88 

.11 

r 

II 

.11 

.11 

.16 

-.16 

.11 

.11 

7.3 

SHI 

4 

(CO 

.11 

.81 

.11 

r 

.11 

.If 

.11 

.12 

-.12 

.11 

II 

7.0 

ntt 

UK  1 

(CO 

.11 

.11 

If 

r 

.18 

.11 

1.68 

J.JS 

-J.3S 

.11 

.11 

7.1 

4711 

Z 

ICO 

If 

.11 

.11 

i 

.11 

.11 

1.26 

J.7T 

-i.n 

.11 

.11 

6.4 

5611 

J 

N20 

,11 

.18 

if 

r 

.If 

.11 

1.21 

7.21 

-7.21 

.ft 

.11 

7.8 

8101 

4 

ICO 

.11 

IS 

.11 

r 

.11 

.11 

.56 

6.67 

-6.67 

.81 

.11 

7.1 

7201 

aI  *  batch  of  soil . 


Table  C-4.  Selected  Metals  Extracted  by  Water  on  Chalmers  Soil  Previously 
Exposed  to  Titanium  Oioxide  Pigment  Production  Waste  in  Serial 
Batch  Studies. 


aetac  nrsAcr 

LiilEf  * 

CHAUfNCE 
•4/rL  »q/q 

ur.  rociwiHC  or  waiics 
»|/«l  *4/4 

FiAcnox  RerAif*eo 

THIS  rurAL 

cxriAcr  awoucriv- 
ph  imtiwos) 

cmoaiub  i 

(CO 

.11 

.01 

.11 

1 

13 

.11 

.13 

.li 

-.14 

.11 

.11 

6.8 

’lie 

11 

.13 

.li 

.12 

II 

.12 

.33 

.33 

7  c 

5400 

rir 

.12 

.11 

.11 

12 

.12 

SI 

SI 

7.3 

7111 

2 

(CO 

.11 

.11 

.11 

r 

.11 

.11 

.11 

.13 

-.13 

.11 

.1* 

7.1 

S71I 

ti 

.11 

.« 

.fit 

.13 

.11 

.11 

.22 

7.3 

OiOl 

in 

.11 

.11 

.12 

.li 

-.13 

-Ml 

-.11 

7.1 

7311 

3 

(SO 

.11 

.11 

.91 

r 

.01 

.11 

.11 

.11 

-.14 

.11 

.11 

7.1 

SUM 

li 

.11 

.li 

.11 

.li 

.11 

.11 

.13 

7.1 

lllll 

m 

.11 

.li 

.12 

.12 

-.li 

-i.it 

-.SI 

4.7 

4411 

4 

(CO 

.11 

.11 

.11 

i 

.11 

.11 

.11 

.12 

-.12 

IS 

.11 

i.S 

27IIS 

ri 

It 

.12 

.11 

.12 

.11 

.11 

.17 

7.2 

12110 

in 

.11 

.12 

.11 

.12 

.11 

.11 

-.28 

7.4 

7419 

nnuw  1 

ICO 

.11 

.11 

■  11 

1 

.11 

.i« 

.11 

.21 

-.21 

.11 

.11 

4.8 

Till 

ir 

.it 

.2* 

.21 

»•* 

aa 

am 

.** 

7.3 

54Si 

lil 

.11 

.21 

•  IS 

.21 

.11 

.11 

.11 

7.3 

7111 

2 

(CO 

.1* 

.11 

.Ik 

r 

.11 

.11 

.11 

.31 

-.31 

•  IS 

.11 

7.1 

S3II 

n 

.ti 

.31 

.11 

.31 

.11 

.11 

.11 

7.3 

8111 

(II 

.11 

.31 

.11 

.31 

.11 

11 

.11 

7.4 

7311 

3 

(CO 

.91 

.11 

.11 

I 

.11 

.11 

.11 

.41 

-.41 

.11 

.11 

7.1 

Sitll 

II 

.11 

.41 

.11 

.41 

.11 

.11 

.11 

7,1 

lllll 

III 

.it 

.41 

.31 

1.82 

-1.21 

-2.11 

-1.17 

4.7 

44SS 

4 

ICO 

.11 

.11 

.11 

r 

.11 

.11 

.11 

1.21 

-1.21 

.11 

.11 

i.S 

27111 

II 

.11 

1.21 

.11 

1.21 

.11 

II 

.IS 

7.2 

12111 

in 

.11 

1.21 

.11 

1.21 

.11 

.11 

*,S2 

7.4 

Till 
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Table  C-4.  Selected  Metals  Extracted  by  Water  on  Chalmers  Soil  Previously 
Exposed  to  Titanium  Dioxide  Pigment  Production  Waste  in  Serial 
Batch  Studies.  (Coot.) 


<£rAi  £xr«cf  i«»£f  ■  imi£i«  «r.  nr  pewined  ff«;ric«  pewhep  Exwncr  owiwcriv- 


•q/nL 

•q/«I 

#q/(j 

mrs 

ram. 

pH 

muMBi 

1 

WO 

.11 

.11 

.51 

f 

II 

.11 

.If 

.17 

-.17 

.ii 

.01 

5.8 

7ISI 

rr 

Is 

.17 

IS 

.16 
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Table  C-5.  Selected  Metals  Extracted  by  Water  on  Davidson  Soil  Previously 
Exposed  to  Tltaniui*  Dioxide  Pigment  Production  Waste  in  Serial 
Batch  Studies. 
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Table  C-6 


Selected  Metals  Extracted  by  Water  on  Nicholson  Soil  Previously 
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Table  C-6.  Selected  Metals  Extracted  by  Water  on  Nicholson  Soil  Previously 
Exposed  to  Titanium  Oioxide  Pigment  Production  Waste  in  Serial 
Batch  Studies.  (Cent.) 
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Table  C-7.  Selected  Metals  Extracted  by  water  on  Cha  mers  Soil  Previously 
Exposed  to  Zinc-Carbon  Battery  Waste  Leach*  a  in  Soil  Capacity 
Studies. 
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Table  C-3.  Selected  Metals  Extracted  by  Water  on  Davidson  Soil  Previously 
Exposed  to  Ziric-Carbon  Cattery  waste  Leachate  in  Soil  Capacity 
Studies . 
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Table  C-ll.  Selected  Metals  Extracted  by  Water  on  Davidson  Soil  Previously 
Exposed  to  Titanium  Dioxide  Pigment  Production  Waste  Leachate 
in  Soil  Capacity  Studies. 
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Table  C-12.  Selected  Metals  Extracted  by  Water  on  Nicholson  Soil  Previously 
Exposed  to  Titanium  Dioxide  Pigment  Production  Waste  Leachate 
in  Soil  Capacity  Studies. 
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APPENDIX  D 


RESULTS  OF  PUTTING  FRESH  WASTE 
PREVIOUSLY  EXPOSED  TO 


ON  WASTES  AND/OR  SOILS 
WASTE  LEACHATE 


WASTE  AND  SOILS  LEFT  FROM  SERIAL  BATCH  EXTRACTION  EXPERIMENTS 


To  s insulate  the  effect  of  dipping  a  new  batch  of  waste  upon  an  old 
deposit  of  the  same  waste,  batches  of  weste  and  soil  that  had  been  previously 
subjected  to  a  series  of  seven  serial  batch  extract ions  by  water  were 
challenged  by  the  water-extracts  from  a  new  batch  of  waste.  The  new  batch  of 
waste  was  first  extracted  with  2  ai Hi  liters  of  water  per  gram.  After  24 
hours  with  several  shakings,  the  waste  was  filtered  and  the  filtrate  was 
placed  on  the  waste  left  frcsa  the  experiments  described  in  the  body  of  this 
report.  This  first  extract  was  used  to  challenge  Batch  I  of  the  three  soils, 
the  resulting  filtrate  was  put  on  Batch  II,  and  this  extract  was  placed  on 
Batch  III  using  the  procedure  described  in  Section  4,  page  10.  Meanwhile, 
the  naw  wastg  was  extracted  with  3,  6,  and  12  milliliters  per  gram,  which  was 
used  in  the  same  way  to  challenge  the  old  wastes  and  soils.  The  results  nf 

atrn*}  hi  s  m  r*  ♦no  +  p  *■  ni*  c  *.*«*  w»f  fk4  r  nw-son  4  nnn^  «  m  .mum 

wnv  i  my  V«  i  ‘^|UV  VO  V  •'  UHW  v.^  V!  Oi#  Lw  Ql  V  w^«!)  V*  Lilli*  CA^Ipl  lUiClli  Gl(  P  P.1UKII 

in  Tables  D--1  through  D-3  and  Figures  D-l  through  D~9  for  2inc-carbon  battery 
waste  and  in  Tables  0-4  through  0-6  and  Figures  JJ-10  through  D-19  for 
titanium  dioxide  pigment  production  waste. 


SOILS  i_£FT  FROM  SOIL  CAPACITY  EXPERIMENTS 

A  portion  of  each  of  the  soils  saved  from  the  soi1  capacity  experiments 
dsscribed  in  Appendix  C  were  challenged  by  extracts  of  fresh  waste.  These 
experiments  were  run  as  described  above  except  that  the  new  waste  leachate 
was  put  directly  on  the  soil,  not  on  old  waste  first.  The  results  are 
presented  in  Tables  D-7  through  D-9  for  zinc-carbon  battery  waste  and  in 
Tables  0-10  through  0-12  for  titaniun  dioxide  pigment  production  waste. 
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Table  0-1.  Selected  Metals  Extracted  by  New  Zinc-Carbon  Battery  Waste 

Leachate  Placed  on  Zinc-Carbon  Battery  Waste  and  Chalmers  Soil 
That  Were  Previously  Extracted  in  Serial  Batch  Stuoies. 
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NW  =  new  waste:  CW  =  old  waste:  I  =  batch  of  soil. 
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EXTRACT  f  EXTRACT  3 


NW  QH  l  NH  OW  I 

EXTRRCT  2  EXTRACT  4 


Figure  o-l. 


Lead  Extracted  by  New  Zinc-Carbon  Battery  wa< 
on  Zinc-Carbon  Battery  Waste  and  Chalmers  Soi 
Previously  Extracted  in  Serial  Batch  Studies. 


Leachate  Placed 
That  Were 
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LEAS 


NH  OH  I 
EXTRRCT  I 


NH  OH  ! 
EXTRRCT  3 


EXTRfKT  2 


ID 


NH  OH 
EXTRRCT  H 


I 


Figure  D-3.  Zinc  Extracted  by  New  Zinc-Carbon  Battery  waste  Leachate  Placed 
•  on  Zinc-Carbon  Battery  Waste  and  Chalmers  Soil  That  Were 
Previously  Extracted  in  Serial  Batch  Studies. 


Table  0-2.  Selected  Metals  Extracted  by  New  Zinc-Carbon  Battery  Waste 

Leachate  Placed  on  Zinc-Carbon  Battery  Waste  end  Davidson  Soil 
That  Were  Previously  Extracted  in  Serial  Batch  Studies. 
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aNW  s  new  waste;  OW  =  "'d  waste;  I  =  batch  of  soil. 
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EXTHHCT  3 


NH  OH  l 
EXTRHCT  2 


EXTRRCT  4 


Igurs  0-4.  Lead  Extracted  by  New  Zinc-Carbon  Batter,  Waste  Leachate  Placed 
on  Zinc-Carbon  Battery  Waste  and  Davidson  Soil  That  Were 
Previously  Extracted  in  Serial  Batch  Studies. 
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Figure  0 
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EXTRRCT  H 


6.  Zinc  Extracted  by  New  Zinc-Carbon  Battery  Waste  Leachate  Placed 
on  Zinc-Carbon  Battery  Waste  and  Davidson  Soil  That  Were 
Previously  Extracted  in  Serial  Batch  Studies. 
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Table  0-3.  Selected  Metals  Extracted  by  New  Zinc-Carbon  Battery  Waste 

Leachate  Placed  on  Zinc-Carbon  Battery  waste  and  Nicholson  Soil 
That  Were  Previously  Extracted  in  Serial  Batch  Studies. 
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Figure  0-7.  lead  ^'tr acted  by  Mew  Zinc-Carbon  Battery  waste  Leachete  Placed 
on  Zinc-Carbon  Battery  Haste  end  Nicholson  Soil  That  Here 
Previously  Extracted  in  Serial  Batch  Studies. 
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Figure  0-8.  Cadelu*  Extracted  by  New  Zinc-Carbon  Sattery  Waste  Leachate 

Placed  on  Zinc-Carbon  Battery  Waste  and  Nicholson  Soil  That  Were 
Previously  Extracted  In  Serial  Batch  Studies. 


EXTBRCT  I 


EXTflfiCT  3 


i 


figure  0 


OCTRBCT  2  EXTRfKT  4 


9.  Zinc  Extracted  by  New  Zinc-Carbon  Battery  Waste  Leachate  Placed 
on  Zinc-Carbon  Battery  Waste  and  Nicholson  Soil  That  Were 
Previously  Extracted  *1n  Serial  Batch  Studies. 


Table  0-4.  Selected  Hetals  Extracted  by  New  Titanium  Dioxide  Pigment 

Production  Waste  Leachate  Placed  on  Titanium  Dioxide  Pigment 
Waste  and  Chalmers  Soil  That  Were  Previously  Extracted  In 
Serial  Batch  Studies. 


icm.  crrMcr  urci 


CNORNK  t 


ur £«• 

OMUiMCC 

Mr.  PExnurrw  «r  rewno 

*4/nI  np/j  'f/f 

fMcrion  ifrAiWD 
mrs  ror*. 

EirtAcr 

pH 

cowtcr;'.1- 

rrrr»fiHOS) 

m 

,11 

.11 

,17 

,14 

-.14 

7.6 

211 

on 

.17 

.14 

It 

.12 

.12 

.14 

.14 

7.6 

S6I 

i 

.14 

.12 

U 

.14 

It 

.54 

SI 

*•  T 
■  w 

til 

ti 

.11 

.14 

<2 

14 

.12 

.33 

.33 

7.3 

ftl 

ta 

.12 

14 

.12 

.14 

.11 

II 

II 

7.1 

1511 

m 

.11 

.11 

14  ' 

.18 

-.18 

7.4 

in 

m 

.N 

.11 

IS 

IS 

.13 

.17 

.It 

7.8 

471 

i 

.4$ 

.IS 

.14 

.12 

.13 

.21 

.33 

.  7,4 

431 

ii 

.12 

.12 

.14 

.14 

.SI 

.44 

7.2 

415 

m 

.12 

.14 

•IS 

•  IS 

-.1* 

-l.SI 

-  ft 

7.1 

761 

w 

.M 

.41 

.11 

-.18 

i.>? 

611 

m 

.11 

.11 

.IS 

.31 

-.12 

-.47 

-.14 

7.5 

431 

i 

.IS 

a 

.12 

.If 

.12 

.41 

.37 

7.4 

615 

rr 

.13 

if 

M 

.24 

-.14 

-.33 

It 

7.5 

581 

m 

.14 

.24 

.12 

.12 

.12 

.51 

If 

7.5 

ill 

m 

M 

.11 

.11 

.12 

-.12 

7.4 

1SH 

m 

.11 

.12 

.13 

.34 

-.24 

-2.11 

-.51 

7.1 

till 

i 

.U 

.34 

.12 

.24 

.12 

.33 

.35 

7.7 

1111 

ii 

O 

.24 

.12 

.24 

.11 

.11 

.13 

7.4 

fll 

in 

.a 

.24 

.12 

.24 

.11 

.11 

•  IS 

7.4 

741 

m 

.N 

.M 

.SI 

1.IS 

-I. IS 

7.4 

211 

m 

.* 

1.1S 

.22 

.44 

.71 

.41 

.41 

7.4 

544 

i 

.a 

.44 

.11 

.21 

.24 

.55 

■SS 

7.3 

ill 

ii 

.« 

.21 

.IS 

.31 

-.11 

-.SI 

-.SI 

7.3 

ftl 

m 

.is 

.» 

.11 

.22 

.If 

.27 

.27 

7.1 

ISM 

m 

.« 

.M 

.42 

1.27 

-1.27 

7.4 

331 

m 

.« 

1. 22 

.21 

.44 

.44 

.SI 

.SS 

7.1 

471 

i 

a 

.44 

.17 

.52 

.12 

.If 

.34 

7.4 

in 

ii 

.12 

■S2 

.11 

.31 

.21 

.41 

.IS 

7.2 

415 

nr 

.ii 

.* 

.If 

.SI 

-.27 

-.If 

-.32 

7.1 

741 

mi 

.H 

.H 

.If 

US 

-1.15 

t.f 

til 

m 

.If 

1.1S 

.21 

1.21 

-.14 

-.IS 

.34 

7.5 

431 

i 

a 

1.21 

.If 

US 

.M 

.IS 

.If 

7.4 

MS 

it 

.it 

1.IS 

.12 

.73 

.42 

.37 

•2f 

7.S 

SM 

III 

.12 

.73 

.12 

,73 

.M 

.11 

-.14 

7.5 

ill 

• 

M 

N 

.11 

1.21 

-1.21 

7,4 

1511 

mi 

.11 

1.21 

.11 

1.21 

.H 

.If 

.27 

7.5 

ini 

i 

.11 

1.21 

.11 

1.21 

.11 

.11 

.12 

7.7 

mi 

I! 

.11 

1.21 

.11 

1.33 

-.12 

-.11 

13 

7.4 

fn 

Ill 

.11 

1.32 

11 

1.21 

.12 

.If 

-  IS 

7.4 

741 

454 


Table  5-4.  Selected  Metals  Extracted  by  New  Titanium  Dioxide  Pigment 

production  Waste  Leachate  Placed  on  Titanium  Dioxide  Pigment 
Waste  and  Chalmers  Soil  That  Were  Previously  Extracted  in 
Serial  Batch  Studies.  (Cont.) 
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Nw  >  new  waste;  OW  ■  old  waste:  1,11,111  designate  three  batches  of  soil, 
each  of  which  were  extracted  using  leachate  from  the  batch  above  it  in  the 
sequence. 
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UE/6 


EXTRACT  3 


Figure  D-10.  Chromium  Extracted  by  New  Titanium  Dioxide  Pigment  Production 
waste  Leachate  Placed  on  Titanium  Dioxide  Pigment  Waste  and 
Chalmers  Soil  That  Were  Previously  Extracted  in  Serial  Batch 
Studies. 
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EXTRACT  I 


EXTRACT  3 


EXTRACT  2 


EXTRACT  H 


Titanium  Extracted  by  New  Titanium  Dioxide  Pigment  Production 
Waste  Leachate  Placed  on  Titanium  Dioxide  Pigment  Waste  and 
Chalmers  Sol  1  That  Were  Previously  Extracted  In  Serial  Batch 
Studies. 
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Selected  Metals  Extracted  by  New  ntanlun  Dioxide  Plgeent 
Production  Waste  leachate  Placed  on  Tltanlue  Dioxide  Plgeent 
Waste  and  Davidson  Soil  That  Were  Previously  Extracted  In 
Serial  Batch  Studies. 
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Table  0-5.  Selected  Metals  Extracted  by  New  Titanium  Dioxide  Pigment 

Production  waste  Leachate  Placed  on  Titanium  Dioxide  Pigment 
Waste  and  Davidson  Soil  That  Were  Previously  Extracted  In 
Serial  Batch  Studies.  (Cont.) 
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NW  •  new  waste;  OW  ■  old  waste;  I, II, III  designate  three  batches  of  soil, 
each  of  which  were  extracted  using  leachate  from  the  batch  above  it  in  the 
sequence. 


EXTRRCT  H 


Chromium  Extracted  by  New  Titanium  Dioxide  Pigment  Production 
Waste  Leichate  Placed  on  Titanium  Dioxide  Pigment  Waste  and 
Davidson  Soil  That  Were  Previously  Extracted  in  Serial  Batch 
Studies. 
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Table  0-6.  Selected  Metals  Extracted  by  New  Titanium  Dioxide  Pigment 

Production  waste  Leachate  Placed  on  Titanium  Dioxide  Pigment 
Waste  and  Nicholson  Soil  That  Were  Previously  Extracted  in 
Serial  Batch  Studies. 
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aWW  a  new  waste;  OW  -  old  waste;  I, II, III  designate  three  batches  of  soil, 
each  of  which  were  extracted  using  leachate  frcs  the  batch  above  it  In  the 
sequence. 
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gure  D-16.  Chromium  Extracted  by  New  Titanium  Dioxide  Pigment  Production 
.laste  Leachate  Placed  on  Titanium  Dioxide  Pigment  Waste  and 
Nicholson  Soil  That  Were  Previously  Extracted  in  Serial  Batch 
Studies. 
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Figure  D-J.7.  Titanium  Extracted  by  Mew  Titanium  Dioxide  Pigment  Production 
Wests  Uachate  Placed  on  Titanium  Dioxide  Pigment  Waste  and. 
N'cholton  Sell  That  Were  Previously  Extracted  in  Serial  Batch 
Studies. 
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Table  0-7. 


Selected  Metals  Extracted  by  New 
Leachate  Placed  on  Cha leers  Soil 
Carbon  Battery  Waste  Leachate  In 


2 Inc-Carbon  Battery  Waste 
Previously  Exposed  to  Zinc- 
Soil  Capacity  Studies. 
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Tab!#  0-8. 


Selected  Metals  Extracted  by  New 
Leachate  Placed  on  Davidson  Soil 
Carbon  Battery  waste  leachate  In 


Zinc-Carbon  Battery  Waste 
Previously  Exposed  to  Zinc- 
Soil  Capacity  Studies. 


r«rucr  w>£f *  CMuiMC  *wr.  roenuiriK  nr  ntocna*  »cr*ii*D  crnwcr  awn^r.'- 


<f/ni 

•4''4 

«4/»l 

•4/4 

•4/4 

rats 

riJTAL 

rnisANOS) 

L£M 

i 

m 

14 

II 

IS 

.11 

-.11 

7.4 

79 

i 

.IS 

.11 

IS 

.11 

.11 

.14 

.14 

6.® 

33 

4*  4» 

» 

m 

.If 

.11 

.If 

.24 

-.2* 

\S 

44 

i 

If 

.24 

.17 

.21 

.14 

■  IT 

.14 

’.1 

j 

m 

.11 

.11 

.11 

$7 

-.57 

7,» 

511 

t 

.11 

.57 

It 

.54 

.13 

.14 

.17 

7 .2 

141 

4 

m 

.M 

.14 

•  It 

1.14 

-1.14 

7.4 

441 

1 

.If 

1.14 

.11 

1.15 

-.11 

-.11 

.13 

7.4 

441 

CtMIW 

1 

m 

.M 

.M 

<14 

«.a 

-«.a 

7.4 

71 

i 

4.14 

IS 

3. 12 

y.*4 

.44 

IS 

.IS 

4.7 

22 

2 

m 

.M 

1.14 

3.42 

-3.42 

7.6 

44 

t 

1.14 

1.42 

1.23 

3.71 

-.27 

-.N 

.11 

7.1 

52 

I 

m 

•N 

.a 

.12 

.73 

*.7J 

7.7 

SI! 

i 

.12 

.73 

.a 

1.71 

-.77 

-1.33 

-.14 

7.2 

144 

4 

a 

M 

.* 

.« 

.17 

-.77 

7.4- 

M 

r 

M 

.77 

.» 

.24 

.73 

.75 

-.It 

7.4 

m 

me 

1 

M 

.48 

.* 

«7.«4 

775.44 

-775.44 

7.4 

71 

r 

*7.*4 

7TS.ll 

IV.  17 

124.14 

577.54 

.75 

.75 

4.7 

22 

2 

m 

.N 

.41 

54.74 

144.2* 

-144.23 

7.4 

44 

i 

14.24 

1*4.23 

a.ii 

44.74 

77.* 

.41 

.72 

7.1 

S2 

I 

w 

.« 

.H 

4.87 

41.21 

-41.21 

7.7 

511 

t 

i.nr 

41.21 

4.77 

41.41 

.41 

.11 

*7 

7.2 

141 

4 

m 

.M 

.M 

3.11 

37.21 

-37.21 

7.4 

6M 

i 

3.11 

J7.21 

1.14 

12.44 

24.72 

.44 

.47 

7.4 

441 

*NW  >  new  waste;  I  •  batch  of  soil. 


470 


T'ble  0-9.  Se 1  acted  Metals  Extracted  by  Mew  Zinc-Carbon  Battery  waste 
Leachate  Placed  on  Ch«1aers  Soil  Previously  Exposed  to  Zinc- 
Carbon  Battery  Waste  Leachata  In  Soil  Capacity  Studies. 
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Table  9-10 


Selected  Metals  Extracted  by  New  Tltanlue  Dioxide  Plgeent 
Production  Waste  Leachate  Placed  on  Chaleers  Soil  Previously 
Exposed  to  Tltanlue  Dioxide  Plgeent  Waste  Leachate  In  Sell 
Capacity  Studies. 
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Table  D-ll.  Salactad  Httals  Extracted  by  Nee  Tltanlue  Dioxide  Plgeent 

Production  Waste  Leachate  Placed  on  Davidson  Soil  Previously 
Exposed  to  Tltanlue  Dioxide  Plgeent  Waste  Leachate  In  Soil 
Capacity  Studies. 
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T«blt  0-12.  Selected  Metals  Extracted  by  New  Titanic*  Dioxide  Pigeent 

Production  Waste  Leachate  Placed  on  Nicholson  Soil  Previously 
Exposed  to  Tltanlue  Dioxide  Plgeent  Waste  Leachate  In  Soil 
Capacity  Studies. 
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APPENDIX  E 


RELATING  BATCH  AND  COLUMN  PROCEDURES  TD  THE  FIELD 
AN  INCREMENTAL  INTERPRETATION  OF  LEACHING 

IF  a  bad  of  vast*  Is  visualized  as  being  divided  into  thickness  incre¬ 
ments.  and  if  the  leachant  is  divided  Into  volume  Increments,  a  thickness- 
by-elutlon  volume  array  can  be  constructed  that  will  allow  depicting  the 
progress  of  leaching.  *Surft  a  diagram  helps  show  the  extent  to  which  batch 
and  column  waste  leaching  procedures  simulate  the  field  situation, 

A  thickness  increment  can  he  taken  to  be  one  batch  or  the  length  of  a 
column,  end  e  volume  increment  cm  be  one  batch  extraction,  one  day’s 
leaching  in  a  column,  or  one  bed  volume.  Different  cross-hatching  patterns 
end  the  differing  distribution  coefficients 'and  concentrations  in  Figure  S~1 
emphasize  that  the  passage  of  Isacbata  changes  the  waste  and/or  soil  and  that 
the  differing  waste  end  soil  increments  have  different  effects  on  the 
leachate.  This  cascading  Interaction  causes  the  composition  of  every 
increment  of  volume  to  differ  from  each  of  the  others. 

WHAT  IS  SIMULATED  BV  COLUMN  PROCEDURES 

The  length  of  the  column  is  the  thickness  of  the  Increment  that  is 
•velueted  in  a  Lisle  column  procedure.  An  overage  concentration  and 
distribution  coefficient  is  obtained  for  the  volume  that  Is  mixed  together  in 
the  sampling  battle.  Figure  E-2  shows  that  «  changed  increment  of  waste  at 
soil  greets  the  next  Increment  of  leachant  that  flows  into  the  column.  5 
series  of  n  volume  Increments  will  give  s  horizontal  set  of  such  pictures. 

No  information  Is  obtained  about  what  happens  at  greater  depths. 

Extrapolation  cannot  be  presumed  to  be  possible.  A  stacked  ssrie?  of  columns 
would  be  required  to  obtain  data  concerning  the  bed  and  the  leachate  deeper 
in  the  waste  or  soil. 

WHAT  IS  SIMULATES  BY  &ATCH  PROCESSES 


A  single  extraction  belch  test  can  be  represented  by  toe 
of  Figure  £-3.  A  stria)  extraction  batch  test  would  give  ~  h 
pictures  similar  to  th*  column  techniques.  Tne  graded  s-s>  is' 
extraction  procedure  employed  in  this  report  allows,  seint 
11qu1d-to~solid  ratio  while  Investigating  greater  bed  depths, 
can  also  be  depicted  as  in  Figure  E-4. 
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CGHPARIMG  LABORATORY  PROCEDURES  WITH  THE  FIELD 

Precedes  employing  Soxhlst  extractions;  extractions  employing 
excessive  llguid-te-solid  ratios,  excessive  contact  tines,  or  vigorous  nixing 
that  breaks  up  aggregates;  operating  columns  with  accelerated  flow  or  with  up 
and  then  down  flow;  using  simplified  artificial  leachants  or  buffored 
leachents  —  all  these  can  yield  distribution  coefficients  and  concentrations 
that  do  not  represent  any  location  in  the  field. 

Mian  a  saaple  Is  taken  In  the  field  and  brought  to  the  laboratory  for 
the  purpose  of  running  validation  tests  on  batch  or  column  procedures,  the 
already  partially-leached  staple  of  waste  should  not  be  extracted  by  water, 
because  the  result  will  not  represent  any  real  field  situation  and  should 
not  be  used  for  coopar Isons.  A  study  of  Figure  E-5  will  show  why  the  waste 
saaple  should  be  leached  with  leachate  obtained  at  that  saae  depth. 


Volume  Increment 


Tnicknets 

Increment 


Figure  E-5.  Take  Samples  of  Waste  and  Leachate  from  the 
Same  Increment  for  Valid  Comparisons. 
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